The role of octopamine and tyramine in Drosophila larval locomotion by Selcho, Mareike et al.
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$EVWUDFW
7KHFKDUDFWHULVWLFFUDZOLQJEHKDYLRURI'URVRSKLODODUYDHFRQVLVWVRIDVHULHVRI
UK\WKPLFZDYHVRISHULVWDOVLVDQGHSLVRGHVRIKHDGVZLQJLQJDQGWXUQLQJ7KHWZR
ELRJHQLFDPLQHVRFWRSDPLQHDQGW\UDPLQHKDYHUHFHQWO\EHHQVKRZQWRPRGXODWH
YDULRXVSDUDPHWHUVRIORFRPRWLRQVXFKDVPXVFOHFRQWUDFWLRQWKHWLPHVSHQWLQ
SDXVLQJRUIRUZDUGORFRPRWLRQDQGWKHLQLWLDWLRQDQGPDLQWHQDQFHRIUK\WKPLFPRWRU
SDWWHUQV%\XVLQJPXWDQWVKDYLQJDOWHUHGRFWRSDPLQHDQGW\UDPLQHOHYHOVDQGE\
JHQHWLFLQWHUIHUHQFHZLWKERWKV\VWHPVZHFRQILUPWKDWVLJQDOLQJRIWKHVHWZRDPLQHV
LVQHFHVVDU\IRUODUYDOORFRPRWLRQ:HVKRZWKDWDVPDOOVHWRIDERXW
RFWRSDPLQHUJLFW\UDPLQHUJLFQHXURQVZLWKLQWKHYHQWUDOQHUYHFRUGLVVXIILFLHQWWR
WULJJHUSURSHUODUYDOORFRPRWLRQ8VLQJVLQJOHFHOOFORQHVZHGHVFULEHWKH
PRUSKRORJ\RIWKHVHQHXURQVLQGLYLGXDOO\*LYHQYDULRXVSRWHQWLDOUROHVRI
RFWRSDPLQHDQGW\UDPLQHLQWKHODUYDOEUDLQVXFKDVORFRPRWLRQOHDUQLQJDQG
PHPRU\VWUHVVLQGXFHGEHKDYLRUVRUWKHUHJXODWLRQRIWKHHQHUJ\VWDWHIXQFWLRQV
ZKLFKDUHRIWHQQRWHDV\WRGLVFULPLQDWHZHGLVVHFWKHUHIRUWKHILUVWWLPHDVXEVHWRI
WKLVFRPSOH[FLUFXLWWKDWPRGXODWHVVSHFLILFDOO\ODUYDOORFRPRWLRQ7KXVWKHVHGDWD
ZLOOKHOSWRXQGHUVWDQG±IRUDJLYHQQHXURQDOPRGXODWRUKRZVSHFLILFEHKDYLRUDO
IXQFWLRQVDUHH[HFXWHGZLWKLQGLVWLQFWVXEFLUFXLWVRIDFRPSOH[QHXURQDOQHWZRUN

,QWURGXFWLRQ
/RFRPRWRUDFWLYLW\LVDQLQWHJUDWLYHFKDUDFWHULVWLFRIWKHIXQFWLRQDOVWDWHRIWKH
QHUYRXVV\VWHPDVLWLVLPSOLFDWHGGLUHFWO\RULQGLUHFWO\LQPRVWNLQGVRIEHKDYLRUV
VXFKDVIRUDJLQJRUPDWLQJ,QDGXOW'URVRSKLODGLVWLQFWEUDLQVWUXFWXUHVOLNHWKH
PXVKURRPERGLHVRUWKHFHQWUDOFRPSOH[KDYHEHHQVKRZQWREHUHTXLUHGIRUWKH
FRQWURORIORFRPRWRUDFWLYLW\0DUWLQHWDO6WUDXVVDQG+HLVHQEHUJ,Q
'URVRSKLODODUYDHWKHFHQWUDOFRPSOH[SUHFXUVRUVVHHPWREHLQYROYHGLQORFRPRWLRQ
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9DUQDPHWDOZKLOHWKHUROHRIWKHPXVKURRPERGLHVKDVQRWEHHQ
LQYHVWLJDWHGLQGHWDLO/DUYDOFUDZOLQJFRQVLVWVRIFKDUDFWHULVWLFVHULHVRIUK\WKPLF
SHULVWDOWLFZDYHVLQWHUUXSWHGE\HSLVRGHVRIKHDGVZLQJLQJDQGWXUQLQJZKLFK
UHSUHVHQWWKHVHDUFKLQJDQGGHFLVLRQPDNLQJEHKDYLRU/DKLULHWDO6XVWHUHW
DO:DQJHWDO
,QYHUWHEUDWHVHSLQHSKULQHDQGQRUHSLQHSKULQHDUHHVVHQWLDOLQWKHPRGXODWLRQ
RIGLIIHUHQWEHKDYLRUVZKHUHDVLQLQYHUWHEUDWHVWKLVWDVNDSSHDUVWREHDFFRPSOLVKHG
E\RFWRSDPLQH2$DQGW\UDPLQH7$5RHGHU2$DQG7$KDYHEHHQ
VKRZQWRDFWLQWKHDGDSWDWLRQRIQHXURQDOQHWZRUNVWRHQYLURQPHQWDOFKDQJHV,Q
FRPELQDWLRQZLWKQHXURSHSWLGHVWKHVHDPLQHVUHJXODWHDGLYHUVHUDQJHRI
SK\VLRORJLFDOFHOOXODUDQGEHKDYLRUDOSURFHVVHV1lVVHODQG:LQWKHU5RHGHU
5RHGHUHWDO2$IRUH[DPSOHPD\DOWHUWKHLQVHFWV
VHQVRU\
SDWKZD\VE\PRGXODWLQJUHFHSWRUVHQVLWLYLW\RUUHFHSWRUGHQVLW\RUE\DIIHFWLQJ
QHXURWUDQVPLWWHUUHOHDVHYLDSUHV\QDSWLFUHFHSWRUV)DURRTXL2$ZDVDOVR
VKRZQWREHLQYROYHGLQWKHPRGXODWLRQRIDZLGHYDULHW\RIEHKDYLRUV)RULQVWDQFH
WKHVWLPXODWLRQRIDVLQJOHGRUVDOXQSDLUHGPHGLDQQHXURQLQWKHORFXVWUHYHDOHGD
UROHRI2$LQWKHPRGXODWLRQRIQHXURPXVFXODUSRWHQWLDOVDQGWKHWHQVLRQRIWLELDO
PXVFOHVLQGLFDWLQJDQDGDSWDWLRQRIPRWRUIXQFWLRQWRHQYLURQPHQWDOFKDQJHV(YDQV
(YDQVDQG2
6KHD,Q'URVRSKLOD2$ZDVUHSRUWHGWRDFWGLUHFWO\LQWKH
KHPRO\PSKSURYLGLQJHQHUJ\IURPWKHIDWERG\IRUVWUHVVGHSHQGHQWEHKDYLRUVVXFK
DVILJKWRUIOLJKWUHVSRQVHVZKLFKLQYHUWHEUDWHVDUHUHJXODWHGE\WKHDGUHQHUJLF
V\VWHP5RHGHU)LQDOO\LQIUXLWIOLHV2$PD\PRGXODWHDJJUHVVLRQVOHHS
HJJOD\LQJEHKDYLRUOHDUQLQJDQGPHPRU\DQGHYHQHWKDQROWROHUDQFH%DLHUHWDO
&HUWHOHWDO&URFNHUHWDO+R\HUHWDO0RQDVWLULRWLHWDO
6FKRO]6FKRO]HWDO6FKUROOHWDO6FKZlU]HOHWDO
3
ht
tp
://
do
c.
re
ro
.c
h
7$ZDVLQLWLDOO\FRQVLGHUHGWREHMXVWDQLQWHUPHGLDWHSURGXFWRI2$V\QWKHVLV
IURPW\URVLQHODFNLQJDQ\GLVWLQFWELRORJLFDOIXQFWLRQ/DWHURQWKHLGHQWLILFDWLRQRID
7$UHFHSWRULQWKH'URVRSKLODJHQRPHVXJJHVWHGDQLQGHSHQGHQWUROHRIWKLVDPLQH
DVDVLJQDOLQJPROHFXOH$UDNDZDHWDO6DXGRXHWDO(YLGHQFHIRUWKLV
ZDVSURYLGHGE\WKHK\SRPRUSKLF7$UHFHSWRUPXWDQWKRQRND$UDNDZDHWDO
.XWVXNDNHHWDO6DXGRXHWDODQGPRUHUHFHQWO\E\WKH7GF52
PXWDQWW\URVLQHGHFDUER[\ODVHWKHHQ]\PHQHFHVVDU\IRUWKHUDWHOLPLWLQJVWHSLQ
2$ELRV\QWKHVLVZKLFKODFNVERWK2$DQG7$&ROHHWDO+DUGLHHWDO
6FKSEDFKDQG:LHVFKDXV&RPSDUHGWRZLOGW\SHIOLHVKRQRNDVKRZVD
FRPSOHWHODFNRILQKLELWLRQRIWKHHYRNHGH[FLWDWRU\MXQFWLRQSRWHQWLDOV(-3,Q
FRQWUDVWWRWKHH[FLWDWRU\HIIHFWRI2$7$UHGXFHVPXVFOHFRQWUDFWLRQGXHWRWKH
LQKLELWRU\HIIHFWRI(-3VRQWKHERG\ZDOOPXVFOHV.XWVXNDNHHWDO1DJD\DHW
DO+HQFHZLWKUHVSHFWWRPXVFOHFRQWUDFWLRQ2$DQG7$DFWDVDQWDJRQLVWV
5HJDUGLQJODUYDOORFRPRWLRQ6DUDVZDWLDQGFROOHDJXHVVKRZHGWKDW7ȕ+PXWDQW
ODUYDHFKDUDFWHUL]HGE\LQFUHDVHGOHYHOVRI7$DQGWKHODFNRI2$LOOXVWUDWHG
UHGXFHGIRUZDUGORFRPRWLRQGLVSOD\HGE\PRUHGLUHFWLRQFKDQJHVJUHDWHUWKDQ
FRPSDUHGWRZLOGW\SHODUYDH0RQDVWLULRWLHWDO6DUDVZDWLHWDO
)HHGLQJ2$RU\RKLPELQHDQDQWDJRQLVWRIWKH7$UHFHSWRUZDVVXIILFLHQWWRUHVFXH
WKLVSKHQRW\SHDWOHDVWSDUWLDOO\ZKLOHDFRPELQDWRULDOIHHGLQJRIERWKDJHQWVHQGHG
XSLQPXWDQWVFUDZOLQJHYHQEHWWHU6DUDVZDWLHWDO%DVHGRQWKHVHUHVXOWV
6DUDVZDWLDQGFROOHDJXHVVXJJHVWHGDQRSSRVLWLRQDOUROHRI2$DQG7$LQODUYDO
ORFRPRWLRQEHFDXVHERWK2$DQG\RKLPELQHKDGVLPLODUHIIHFWVZKHUHDVWKH
FRPELQDWRULDOVWLPXODWLRQZDVHYHQPRUHHIIHFWLYH7KLVDVVXPSWLRQLVVXSSRUWHGE\
WKHIDFWWKDW7$IHHGLQJIXUWKHUGHJUDGHGIRUZDUGORFRPRWLRQLQ7+PXWDQWODUYDH
0RUHRYHUIHHGLQJ7$ZDVDEOHWRUHYHUVHWKHEHKDYLRUDOUHVFXHE\2$IHHGLQJ
6DUDVZDWLHWDO7KXVWKHFRPELQDWRULDOUROHRIERWKELRJHQLFDPLQHVLV
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QHFHVVDU\IRUQRUPDOODUYDOORFRPRWLRQ,QWHUHVWLQJO\QRORFRPRWRUSKHQRW\SHLQ
DGXOW7ȕ+PXWDQWVKDVEHHQIRXQG\HWZKLOHPXWDQWIOLHVODFNLQJERWK2$DQG7$
VKRZGHIHFWLYHORFRPRWLRQEHKDYLRU&ROHHWDO+DUGLHHWDO+RP\N
DQG6KHSSDUG2
'HOO6FKSEDFKDQG:LHVFKDXV$GGLWLRQDOO\
GHFDSLWDWHGIOLHVUHVSRQGHGWR2$RU7$DGGHGWRWKHH[SRVHGQHUYHFRUGZLWKD
VLJQLILFDQWVWLPXODWLRQRIORFRPRWLRQ<HOOPDQHWDO
,PPXQRKLVWRFKHPLFDOUHSRUWVVKRZHGWKDW2$LVPDLQO\V\QWKHVL]HGLQWKH
XQSDLUHGPHGLDQ80QHXURQVRILQVHFWVZKRVHFHOOERGLHVDUHORFDWHGHLWKHU
YHQWUDOO\980QHXURQVRUGRUVDOO\'80QHXURQVLQWKHVXERHVRSKDJHDOJDQJOLRQ
62*DQGYHQWUDOQHUYHFRUG91&0RUHRYHULWZDVVKRZQWKDW80QHXURQVRIWKH
WKRUDFLFJDQJOLRQVHQGHIIHUHQWVWRPRVWRUJDQVDQGPXVFOHVZKLOHWKRVHRIWKH
62*LQQHUYDWHDOPRVWDOOQHXURSLOHVRIWKHEUDLQ%UlXQLJ%XVFKHWDO
6LQDNHYLWFKDQG6WUDXVIHOG9|PHODQG:HJHQHU
1HXURQVH[SUHVVLQJERWK2$DQG7$LQODUYDODQGDGXOW'URVRSKLODZHUH
FKDUDFWHUL]HGPRVWO\LQWKHEUDLQ%XVFKHWDO&ROHHWDO0RQDVWLULRWLHW
DO3\WKRQDQG6WRFNHU6LQDNHYLWFKDQG6WUDXVIHOGRQO\DIHZ
UHSRUWVUHIHUWRWKRVHRIWKH91&&ROHHWDO0RQDVWLULRWLHWDO1DJD\D
HWDO9|PHODQG:HJHQHU7GFSRVLWLYHQHXURQVLQWKH91&
SURMHFWLQJWRWKHSHULSKHU\ZHUHGHVFULEHGLQ'URVRSKLODODUYD9|PHODQG:HJHQHU
+HUHZHDGGLWLRQDOO\GHVFULEHGWKHDUERUL]DWLRQSDWWHUQRIVLQJOH91&FHOOV
0XVFOHHIIHUHQW2$7$FHOOVRIWKHDEGRPLQDOJDQJOLRQEURDGO\LQQHUYDWHPRVWRIWKH
PXVFOHVRIWKHLUVHJPHQW/DUYDOPXVFOHV9/DQGRWKHUWHUPVEHORZLQEUDFNHWV
DFFRUGLQJWR%DWH9/DQGSRWHQWLDOO\92DUHGHYRLGRIW\SH,,
HQGLQJVDQGWKHUHIRUHVHHPWRODFNRFWRSDPLQHUJLFW\UDPLQHUJLFLQSXWZKLOHDOORWKHU
PXVFOHILEHUVVHHPWRUHFHLYHFRPELQHGVLJQDOLQJ+RDQJDQG&KLED
0RQDVWLULRWLHWDO
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,QWKLVVWXG\ZHUHYLVLWHGWKHUROHRI2$DQG7$LQODUYDOORFRPRWLRQLQPRUH
GHWDLO:HFRQILUPWKHLULPSOLFDWLRQLQWKLVEHKDYLRUSRVWXODWHGE\6DUDVZDWLDQG
FROOHDJXHVE\XVLQJPXWDQWVWKDWODFNHLWKHU2$7ȕ+ERWK2$DQG7$7GF52
RUH[KLELW7$UHFHSWRUGHIHFWVKRQRND8VLQJGLIIHUHQWOLQHVFKDUDFWHUL]HGE\GLVWLQFW
PRGLILFDWLRQVLQWKHEDODQFHRI2$DQG7$OHYHOVDOORZHGXVWRH[SDQGWKHVWXGLHVRI
6DUDVZDWLDQGFROOHDJXHVLQGHWDLODVWKH\IRFXVHGRQSKDUPDFRORJLFDOWUHDWPHQWLQ
7+PXWDQWVWRVWXG\WKHUROHRI2$DQG7$,QOLQHZLWKSUHYLRXVUHSRUWVZH
GHPRQVWUDWHWKDWWKHODFNRI2$RUWKHDEODWLRQRIHIIHUHQW2$7$FHOOVLQWKHHQWLUH
&16OHDGVWRVHYHUHORFRPRWRUGHIHFWV0RUHRYHUZHFRQILUPWKDWPRGLILHGOHYHOVRI
7$UHVXOWLQHQKDQFHGORFRPRWLRQFDXVLQJK\SHUDFWLYLW\,QRXUVWXG\WRRXU
NQRZOHGJHIRUWKHILUVWWLPHZHVSHFLILFDOO\UHVWULFWWKHORFRPRWRUHIIHFWWRWKH2$7$
QHXURQVZLWKLQWKH91&DQGGHVFULEHWKHPRUSKRORJ\RIWKHVHQHXURQVDWWKHVLQJOH
FHOOOHYHO2XUELSDUWLWHDQDWRPLFDODQGEHKDYLRUDODSSURDFKSURYLGHVQHZLQVLJKWV
LQWRWKHSRWHQWLDOO\DQWDJRQLVWLFUROHVRI2$DQG7$LQODUYDOORFRPRWLRQ

0DWHULDODQG0HWKRGV
)O\VWUDLQV
)O\VWUDLQVZHUHUHDUHGRQVWDQGDUG'URVRSKLODPHGLXPDW&RU&ZLWKD
KRXUVOLJKWGDUNF\FOH)RUEHKDYLRUDOH[SHULPHQWV7ȕ+Q07GF52DQGKRQRND
Z>@3^Z>P:KV@ OZ%`7\U5>KRQR@PXWDQWVZHUHDQDO\]HG&ROHHWDO
.XWVXNDNHHWDO0RQDVWLULRWLHWDO6FKSEDFKDQG:LHVFKDXV
8$6KLGUSU.XUDGDDQG:KLWHRQWKH;FKURPRVRPHZDVXVHGDVDQ
HIIHFWRUWRDEODWHGHILQHGQHXURQVE\FURVVLQJWRWKH*DOGULYHUOLQH7GF*DO&ROH
HWDO+HWHUR]\JRXVFRQWUROVZHUHREWDLQHGE\FURVVLQJ*DOGULYHUDQG8$6
HIIHFWRUWRZ7RUHVWULFW7GF*DOH[SUHVVLRQWRWKHEUDLQDQG62*IOLHVZHUH
UHFRPELQHGZLWKWVK*DO&O\QHDQG0LHVHQE|FN6KLJD<NLQGO\
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SURYLGHGE\-6LPSVRQ++0,-DQHOLD)DUP86$WKXVLQKLELWLQJ*DOH[SUHVVLRQLQ
WKH91&)RUYLVXDOL]LQJQHXURQVZHFURVVHG7GF*DORU7GF*DOWVK*DO
UHVSHFWLYHO\ZLWK8$6P&'*)3RU8$6&DPHOHRQ'LHJHOPDQQHWDO
/HHDQG/XR8$6&DPHOHRQZDVVKRZQWRJLYHDVWURQJHUVLJQDOWKDQ
8$6P&'*)36HOFKRHWDOGDWDQRWVKRZQIRU7GF*DO)RUVLQJOH
FHOOVWDLQLQJ\ZKVSIOS6S&\28$6!&'\!P&'*)370E6WUXKODQG
%DVOHU:RQJHWDONLQGO\SURYLGHGE\*DU\6WUXKO&ROXPELD
8QLYHUVLW\86$YLUJLQVZHUHFURVVHGWR7GF*DORU7GF*DO7GF*DOPDOHV
$VLQJOHKHDWVKRFNZDVDSSOLHGE\SODFLQJYLDOVFRQWDLQLQJHJJVRUODUYDHLQDZDWHU
EDWKDW&IRUPLQ)RUWKHRQVHWRIKHDWVKRFNZHFKRVHGLIIHUHQWWLPHVIURP
WRKRXUVDIWHUHJJOD\LQJ

,PPXQRIOXRUHVFHQFH
,PPXQRVWDLQLQJ3UHSDUDWLRQRIWKH&16ILOHWVIRUWKHPXVFOHLQQHUYDWLRQVRIWKLUG
LQVWDUODUYDHZHUHGRQHLQSKRVSKDWHEXIIHUHGVDOLQH3%6S+7KH&16DQG
ILOHWVZHUHWKHQIL[HGLQIRUPDOGHK\GH0HUFN'DUPVWDGWRU
SDUDIRUPDOGHK\GH0HUFNUHVSHFWLYHO\LQ3%6IRUPLQZDVKHGLQ3%73%6ZLWK
7ULWRQ;6LJPD$OGULFK6W/RXLV02DQGEORFNHGZLWKQRUPDOJRDW
VHUXPQJV9HFWRU/DERUDWRULHV%XUOLQJDPH&$LQ3%76SHFLPHQVZHUH
LQFXEDWHGZLWKWKHSULPDU\DQWLERGLHVLQEORFNLQJVROXWLRQDWOHDVWIRURQHQLJKWDW
&3UHSDUDWLRQVZHUHZDVKHGVL[WLPHVZLWK3%7DQGLQFXEDWHGIRURQHQLJKWDW
&ZLWKWKHVHFRQGDU\DQWLERGLHV)LQDOO\VSHFLPHQVZHUHULQVHGVL[WLPHVLQ3%7
DQGPRXQWHGLQ9HFWDVKLHOG9HFWRU/DERUDWRULHVLQ3%68QWLOVFDQQLQJVSHFLPHQV
ZHUHVWRUHGLQGDUNQHVVDW&
7RGHWHFW2$DQG7$ZHXVHGDPRGLILFDWLRQRIWKHVWDLQLQJSURWRFRORI6LQDNHYLWFK
DQG6WUDXVIHOG%XVFKHWDO6LQDNHYLWFKDQG6WUDXVIHOG7KLUGLQVWDU
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ODUYDHZHUHSXWRQLFHIRUDWOHDVWKEHIRUHEHLQJSUHIL[HGZLWKRSHQHGFXWLFOHIRU
PLQLQJOXWDUDOGHK\GHLQ0VRGLXPFDFRG\ODWHEXIIHU$FURV
2UJDQLFV*HHO%HOJLXPZLWKVRGLXPPHWDELVXOILWH60%66LJPD
$OGULFK7KHQWKH&16ZDVUHPRYHGDQGIL[HGDWURRPWHPSHUDWXUH$IWHUPLQ
WKHVSHFLPHQVZHUHULQVHGIRXUWLPHVLQ7ULV+&/60%07ULV+&/60%
WUHDWHGIRUPLQZLWKVRGLXPERURK\GULGH$FURV2UJDQLFVLQ
7ULV+&/60%DQGULQVHGDJDLQIRXUWLPHVLQ7ULV+&/60%DQGWZRWLPHVLQ7ULV+&/
60%7;7ULV+&/60%FRQWDLQLQJ7ULWRQ;6SHFLPHQVZHUHEORFNHGIRU
KLQQJVLQ7ULV+&/60%7;$IWHUDWOHDVWWZRQLJKWVDW&LQEORFNLQJ
VROXWLRQFRQWDLQLQJWKHSULPDU\DQWLERGLHVVSHFLPHQVZHUHULQVHGVL[WLPHVZLWK
7ULV+&/7;7KHVHFRQGDU\DQWLERGLHVLQQJVVROXWLRQZHUHLQFXEDWHGIRUWZR
QLJKWVDW&$IWHUZDVKLQJILYHWLPHVLQ7ULV+&/7;DQGWZRWLPHVLQ7ULV+&/
SUHSDUDWLRQVZHUHPRXQWHGLQ9HFWDVKLHOG

$QWLERGLHV7RYLVXDOL]HWKHWRWDOH[SUHVVLRQSDWWHUQRI7GF*DODQGWKH
LQQHUYDWLRQSDWWHUQVRIVLQJOH7GF*DOSRVLWLYHQHXURQVZHDSSOLHGDSRO\FORQDO
VHUXPDJDLQVWJUHHQIOXRUHVFHQWSURWHLQDQWL*)3$0ROHFXODU3UREHV
(XJHQH25LQFRPELQDWLRQZLWKWZRGLIIHUHQWPRXVHDQWLERGLHVODEHOLQJWKH
QHXURSLODQWL&K$7&K$7%DQWL&KROLQHDFHW\OWUDQVIHUDVH'6+%,RZD&LW\,$
DQGD[RQDOWUDFWVDQWL)DV,,GDQWL)DVFLFOLQ,,'6+%UHVSHFWLYHO\
7KHPXVFOHDUERUL]DWLRQVRI7GF*DOFHOOVZHUHVKRZQE\DQWL*)3LQFRPELQDWLRQ
ZLWKDPRQRFORQDOPRXVHDQWLERG\DJDLQVW6\QDSVLQDQWL6\QDSVLQ&.ODJJHV
HWDONLQGO\RIIHUHGE\(%XFKQHU8QLYHUVLW\RI:U]EXUJ*HUPDQ\
DQWL*)3ZLWKDQDQWLERG\DJDLQVWW\UDPLQHȕ+\GUR[\ODVHSURGXFHGLQUDWVDQWL
7ȕ+0RQDVWLULRWLHWDONLQGO\SURYLGHGE\00RQDVWLULRWL,0%%)257+
*UHHFHZDVXVHGWRVHHZKHWKHUDOO7GF*DOSRVLWLYHQHXURQVDUH
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RFWRSDPLQHUJLF2$DQG7$ZHUHODEHOHGYLDDSRO\FORQDODQWLERG\DJDLQVW
JOXWDUDOGHK\GHFRXSOHG2$DQWL2$*(0R%L7HF*|WWLQJHQRUD
SRO\FORQDODQWLERG\DJDLQVWJOXWDUDOGHK\GHFRXSOHGS7$DQWL7$$%&KHPLFRQ
,QWHUQDWLRQDO7HPHFXOD&$LQFRPELQDWLRQZLWKDFKLFNHQDQWL*)3DQWLERG\
DQWL*)3FK$%&KHPLFRQDQG$VVHFRQGDU\DQWLERGLHVJRDW
DQWLUDEELW,J*$OH[D)OXRU$0ROHFXODU3UREHVJRDWDQWLUDW,J*
$OH[D)OXRU$0ROHFXODU3UREHVIOXRUHVFHLQ),7&FRQMXJDWHG
GRQNH\DQWLFKLFNHQ-DFNVRQ,PPXQR5HVHDUFK:HVW*URYH3$
JRDWDQWLUDEELW,J*'\/LJKW-DFNVRQ&\JRDW
DQWLUDEELW,J*-DFNVRQ&\JRDWDQWLPRXVH,J*$
0ROHFXODU3UREHVRU-DFNVRQZHUHXVHG

$QWLERG\FKDUDFWHUL]DWLRQ
$QWL*)3
7KHUDEELWDQWL*)3DQWLERG\JDYHWKHVDPHVWDLQLQJSDWWHUQLQWKH91&RIWKH7GF
*DO8$6&DPHOHRQODUYDHDVWKHDQWL*)3DQWLERG\SURGXFHGLQFKLFNHQ
$GGLWLRQDOO\VWDLQLQJZDVQRWREVHUYHGLQ91&VRIODUYDHH[SUHVVLQJRQO\7GF*DO
RURQO\8$6&DPHOHRQGDWDQRWVKRZQ

&KLFNHQDQWL*)3
7KHDQWL*)3FKDQWLERG\GHWHFWVDEDQGRIDPROHFXODUZHLJKWDURXQGN'DLQ
O\VDWHVSUHSDUHGIURP(FROLH[SUHVVLQJ*)3RQ:HVWHUQEORW1REDQGZDVGHWHFWHG
LQO\VDWHVRI(FROLWKDWGRQRWH[SUHVV*)3

&K$7%
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7KHDQWL&K$7DQWLERG\ZDVVKRZQWRODEHODVLQJOHEDQGDWDSRVLWLRQRIDERXW
N'DLQFUXGHIO\KHDGVDPSOHV7DNDJDZDDQG6DOYDWHUUD

'DQWL)DVFLFOLQ,,
7KHDQWL)DV,,DQWLERG\ODEHOHGDN'DEDQGLQ:HVWHUQEORWZKLFKZDVJRQHLQ
)DV,,QXOOPXWDQWV*UHQQLQJORKHWDO0DWKHZHWDO7KHVWDLQLQJ
SDWWHUQREVHUYHGLQWKLVVWXG\LVLGHQWLFDOWRSUHYLRXVUHSRUWV*UHQQLQJORKHWDO
/DQGJUDIHWDO0DWKHZHWDO

&
7KHDQWL6\QDSVLQDQWLERG\UHFRJQL]HVPXOWLSOH6\QDSVLQLVRIRUPVVKRZQRQ
:HVWHUQEORWVZLWK'URVRSKLODKHDGV7KHEDQGVZHUHJRQHLQWKHGHOHWLRQPXWDQW
*RGHQVFKZHJHHWDO.ODJJHVHWDO$GGLWLRQDOO\DQWL6\QDSVLQ
DQWLERG\VWDLQLQJRIV\QDSWLFWHUPLQDOVDWODUYDOPXVFOHVZDVJRQHLQV\QDSVLQ
PXWDQWVZKLOHZLOGW\SHODUYDHVKRZHG6\QDSVLQLPPXQRUHDFWLYLW\0LFKHOVHWDO
7KHDQWL6\QDSVLQVWDLQLQJSDWWHUQUHSRUWHGLQWKLVVWXG\LVLGHQWLFDOWR
SUHYLRXVUHSRUWV*RGHQVFKZHJHHWDO0LFKHOVHWDO

7ȕ+
,QLPPXQREORWVRISURWHLQH[WUDFWVIURP'URVRSKLODKHDGVDQGERGLHVDVLQJOHEDQG
FRUUHVSRQGLQJWRWKHN'DSURWHLQZDVREVHUYHGXVLQJWKHDQWL7ȕ+DQWLERG\
0RQDVWLULRWLHWDO7ȕ+LPPXQRUHDFWLYLW\ZDVQHDUO\DEROLVKHGLQODUYDOEUDLQV
RI7ȕ+PXWDQWV0RQDVWLULRWLHWDO

$QWLSW\UDPLQH
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7KHDQWL7$DQWLERG\ZDVXVHGWRFKDUDFWHUL]HW\UDPLQHUJLFQHXURQVLQ'URVRSKLOD
DQGORFXVW%XVFKHWDO.RQRQHQNRHWDO7KHVSHFLILFLW\RIWKH
DQWLERG\ZDVWHVWHGE\FRPSHWLWLRQH[SHULPHQWVLQHTXLOLEULXPGLDO\VLV*HIIDUGHWDO
7KHFURVVUHDFWLYLW\UDWLRDWKDOIGLVSODFHPHQWRIWKHODEHOHGOLJDQGDQG
GLIIHUHQWXQODEHOHGFDWHFKRODPLQHFRQMXJDWHVLQFOXGLQJ7$FRQMXJDWHZDV
GHWHUPLQHG7KHEHVWGLVSODFHPHQWZDVREVHUYHGZLWKWKH7$FRQMXJDWHZKLOHWKH
2$FRQMXJDWHZDVWLPHVOHVVLPPXQRUHDFWLYH*HIIDUGHWDO

$QWLFRQMXJDWHGRFWRSDPLQH
7KHVSHFLILFLW\RIWKHDQWL2$DQWLERG\ZDVGHWHUPLQHGE\FRPSHWLWLRQH[SHULPHQWVLQ
DQ(/,6$WHVW7KHDQWLERG\ZDVUDLVHGDJDLQVWDQRFWRSDPLQHJOXWDUDOGHK\GH
%RYLQH6HUXP$OEXPLQFRQMXJDWH7KHUHIRUHWKHFURVVUHDFWLYLW\UDWLR2$*%6$
FRQFHQWUDWLRQFRQFHQWUDWLRQRIXQFRQMXJDWHGRUFRQMXJDWHGFDWHFKRODPLQHDWKDOI
WLPHIRU2$*%6$ZDVWKHKLJKHVW7KHFURVVUHDFWLYLW\WR7$*%6$RWKHUDPLQH
FRQMXJDWHVDQGXQERXQGRFWRSDPLQHZDVGUDVWLFDOO\UHGXFHG0RQVDQG*HIIDUG


0LFURVFRS\DQGILJXUHSURGXFWLRQ&16SUHSDUDWLRQVDQGILOHWVZHUHVFDQQHG
XVLQJDFRQIRFDOOLJKWVFDQQLQJPLFURVFRSH/HLFD7&663/HLFD0LFURV\VWHPV
:HW]ODU7KHLPDJHVVFDQQHGZLWKDVWHSVL]HRIPRUPWKLFNQHVVZHUH
SURMHFWHGDQGDQDO\]HGZLWKWKHVRIWZDUHSURJUDP,PDJH-1,+%HWKHVGD0'
&RQWUDVWEULJKWQHVVDQGFRORULQJZHUHDGMXVWHGZLWKWKHVRIWZDUH3KRWRVKRS$GREH
6\VWHPV,QF6DQ-RVH&$$PLUD9LVDJH,PDJLQJ*PE+%HUOLQZDVXVHGWR
SURGXFHIURQWDOYLHZVRIWKHVLQJOHFHOOSURMHFWLRQVIRUWKHGRUVDOYLHZRQWKH91&LQ
)LJ&DQGIRUWKHKLJKHUPDJQLILFDWLRQVRIWKHHIIHUHQWVLQ)LJ'*

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%HKDYLRUDOH[SHULPHQWV
)RUWKHORFRPRWLRQDVVD\VLQJOHODUYDHRIDJLYHQJHQRW\SHZHUHUHFRUGHGZLWKD
VWDQGDUGFDPHUD&DVLR([LOLPVHULHVIRUPLQRQD3HWULGLVKPPLQGLDPHWHU
ILOOHGZLWKDJDURVH,PDJH-SOXJLQ*ULGZDVXVHGWRGLYLGHWKHSODWHRSWLFDOO\LQWR
VTXDUHVPHDVXULQJSL[HO7KHQXPEHURIVTXDUHVSHUPLQFURVVHGE\WKHODUYD
ZDVXVHGDVDIXQFWLRQRIORFRPRWLRQ6LQJOHWUDFHVZHUHREWDLQHGE\,PDJH-SOXJLQ
0DQXDOWUDFNLQJ

6WDWLVWLFDOPHWKRGV
)RUWKHFRPSDULVRQEHWZHHQJHQRW\SHV:LOFR[RQ5DQN6XPWHVWZDVXVHG7R
FRPSDUHVLQJOHJHQRW\SHVDJDLQVWFKDQFHOHYHOZHXVHG:LOFR[RQVLJQHGUDQNHG
WHVW$OOVWDWLVWLFDODQDO\VHVDQGYLVXDOL]DWLRQVZHUHGRQHZLWK5YHUVLRQ5
'HYHORSPHQW&RUH7HDP)LJXUHDOLJQPHQWVZHUHGRQHZLWK$GREH
3KRWRVKRS'DWDZHUHSUHVHQWHGDVER[SORWVLQFOXGLQJDOOYDOXHVRIDJLYHQ
JHQRW\SHRIWKHYDOXHVEHLQJORFDWHGZLWKLQWKHER[7KHPHGLDQSHUIRUPDQFH
LQGH[RUSUHIHUHQFHLQGH[UHVSHFWLYHO\ZDVLQGLFDWHGDVDEROGOLQHZLWKLQWKHER[
SORW6LJQLILFDQFHOHYHOVEHWZHHQJHQRW\SHVVKRZQLQWKHILJXUHVUHIHUWRWKHSYDOXHV
REWDLQHGLQWKHVWDWLVWLFDOWHVWV

5HVXOWV
2FWRSDPLQHUJLFW\UDPLQHUJLFQHXURQVRIWKHODUYDOYHQWUDOQHUYHFRUG
7RUHOLDEO\YLVXDOL]H2$7$QHXURQVLQWKH91&ZHXVHGWKH7GF*DOOLQHFURVVHG
WR8$6&DPHOHRQ&ROHHWDO'LHJHOPDQQHWDO7\URVLQH
GHFDUER[\ODVHLVWKHHQ]\PHLQYROYHGLQWKHILUVWVWHSRI2$V\QWKHVLVLHWKH
FRQYHUVLRQRIW\URVLQHLQWRW\UDPLQH7KHUHIRUHDOO*DOH[SUHVVLQJQHXURQVVKRXOG
EHW\UDPLQHUJLFDQGPRVWRIWKHPVKRXOGDOVREHRFWRSDPLQHUJLF7RDQDO\]HWKH
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FHOOXODUDQDWRP\RIWKH2$7$V\VWHPLQWKHODUYDO&16ZHXVHGDQWL)DVFLFOLQ,,
)DV,,DQWL&KROLQHDFHW\OWUDQVIHUDVH&K$7EDFNJURXQGVWDLQLQJ)LJZKLFK
ODEHOHGD[RQDOWUDFWVDQGQHXURSLOHVUHVSHFWLYHO\
7KH91&LQ'URVRSKLODOLNHLQRWKHUDUWKURSRGVLVFRPSRVHGRIWKUHHWKRUDFLF
QHXURPHUHVWWHLJKWDEGRPLQDOQHXURPHUHVDDDQGDVPDOOWHUPLQDO
QHXURPHUHDWWKHHQGRIWKHDEGRPHQ&DPSRV2UWHJD(DFKRIWKHVHWZHOYH
QHXURPHUHVFDUULHGRQHFHOOFOXVWHURI7GF*DOSRVLWLYHQHXURQVVHHDOVR9|PHO
DQG:HJHQHU7KHFHOOERGLHVZHUHORFDWHGYHQWURPHGLDOO\90LQFOXVWHUV
W90WRD90ZKLOHWKHWHUPLQDOQHXURPHUHVKRZHGDGRUVRPHGLDOO\ORFDWHG
FOXVWHUD'0)LJ$7KHWKUHHWKRUDFLFDQGWKHILUVWDEGRPLQDOFOXVWHUFRQWDLQHG
ILYH7'&SRVLWLYHQHXURQVHDFK)LJ$+7DE7KUHHRIWKHVHFHOOVZKLFK
VHHPHGWREH980QHXURQVVHQWWKHLUSULPDU\QHXULWHVGRUVDOO\DUURZV)LJ+ZKLOH
RQHFHOOSHUVLGHFDOOHGKHUHYHQWUDOSDLUHGPHGLDQ930QHXURQWHUPHGYXP7'&
DQGSP7'&QHXURQVLQ9|PHODQG:HJHQHUSURMHFWHGDQWHULRUO\DVWHULVN
DQGDUURZ)LJ,)URPQHXURPHUHDWRZDUGSRVWHULRULQHDFKQHXURPHUHRQO\
WKUHH980QHXURQVZHUHREVHUYHG)LJ$7DE7KHQHXURPHUHDPD\FRQWDLQ
WZR980QHXURQVZKLOHWKHWHUPLQDOQHXURPHUHDFRPSULVHGWZR'80QHXURQV
)LJ$7DEGP7'&QHXURQVLQ9|PHODQG:HJHQHU7DNHQWRJHWKHU
ZHFRXQWHGDSSUR[LPDWHO\SRWHQWLDOO\2$7$H[SUHVVLQJFHOOVLQWKHZKROH91&
ILYHLQHDFKWKRUDFLFDQGWKHILUVWDEGRPLQDOQHXURPHUHWWDWKUHHSHUFOXVWHU
LQQHXURPHUHVDWRDDQGWZRSHUFOXVWHULQWKHODVWWZRDEGRPLQDOQHXURPHUHVD
DQGD7DE
7KH980QHXURQVELIXUFDWHGLQWKHGRUVDOPRVWSDUWRIWKH91&DUURZ)LJ&
DQGSURMHFWHGODWHUDOO\WRH[WHQGWRWKHSHULSKHUDOQHUYHVDUURZKHDG)LJ&,Q
VHJPHQWVWWDQGDDWKHSHULSKHUDOQHUYHZDVIRUPHGE\WKHIXVLRQRIWZRPDLQ
QHUYHWUXQNVWKHLQWHUVHJPHQWDOQHUYH,61DQGWKHVHJPHQWDOQHUYH61ZKLFK
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ERWKLQFOXGHGPRWRUDQGPRGXODWRU\QHXURQV/DQGJUDIHWDO0RQDVWLULRWLHW
DO7KRPDVHWDO6LPLODUWRUHSRUWVIURPHPEU\RVLWVHHPHGWKDWRQH
980QHXURQLQWKHDEGRPLQDOQHXURPHUHVDWRDSURMHFWHGDORQJWKH61ZKLOHWKH
RWKHUWZRQHXURQVPD\XVHGWKHSRVWHULRU,61WRHQWHUWKHSHULSKHUDOQHUYH)LJ)
DQG*6LQNDQG:KLWLQJWRQ)RUWKHWKRUDFLFQHXURPHUHVZHPRVWO\
REVHUYHGWZRD[RQVLQWKH61EUDQFK)LJ'DQG(EXWDOVRFDVHVLQZKLFKWZR
980QHXURQVRIWKHWKRUDFLFFOXVWHUVSURMHFWLQJLQWRWKH,61GDWDQRWVKRZQ
7RXQGHUVWDQGZKHWKHUDOO7GF*DOSRVLWLYHFHOOVDUHRFWRSDPLQHUJLFZH
SHUIRUPHGDGRXEOHODEHOLQJZLWKD7ȕ+DQWLERG\0RQDVWLULRWLHWDODQGDQWL
*)3LQ7GF*DO8$6&DPHOHRQODUYDH7ȕ+LVWKHHQ]\PHQHFHVVDU\IRUWKH
2$V\QWKHVLVIURPLWVSUHFXUVRU7$DQGVKRXOGWKHUHIRUHEHH[SUHVVHGLQHYHU\
RFWRSDPLQHUJLFFHOO$OO*DOH[SUHVVLQJFHOOVZHUHDOVRODEHOHGE\WKH7ȕ+DQWLERG\
DQGDUHWKHUHIRUHERWKRFWRSDPLQHUJLFDQGW\UDPLQHUJLF)LJ$&7DE
,QWHUHVWLQJO\7GF*DOGLGQRWLQFOXGHDERXWWKUHH7ȕ+SRVLWLYHFHOOVSHUVLGH
ZKRVHFHOOERGLHVZHUHORFDWHGODWHUDOO\LQQHXURPHUHVDWRDDVWHULVNVLQWKH
LQVHUWRI)LJ$7DE7RLQGHSHQGHQWO\YDOLGDWHWKLVUHVXOWZHSHUIRUPHG
DGGLWLRQDOH[SHULPHQWVE\GRXEOHODEHOLQJ7GF*$/8$6&DPHOHRQODUYDHZLWK
HLWKHUDQWL2$DQGDQWL*)3RUDQWL7$DQGDQWL*)3WKHUHE\WHVWLQJZKHWKHUWKH
*DOSRVLWLYHFHOOVZHUH2$RU7$SRVLWLYH)LJ',$VUHSRUWHGEHIRUHWKH2$
DQG7$DQWLERGLHVVKRZHGDKLJKLQWHULQGLYLGXDOYDULDELOLW\LQWKHLUVWDLQLQJSDWWHUQ
%XVFKHWDO&RQVHTXHQWO\ZHGHVFULEHKHUHWKHPD[LPXPRIFRODEHOHG
QHXURQVREVHUYHGLQHDFKFOXVWHU$OO*DOH[SUHVVLQJQHXURQVVHHPHGWREH2$
DQG7$LPPXQRUHDFWLYHZKLOHWZRDGGLWLRQDOFHOOVLQWKHILUVWWKRUDFLFQHXURPHUH
PLJKWEH7$SRVLWLYHRQO\GDWDQRWVKRZQ7KHUHIRUHWKH7GF*DOGULYHUOLQH
VSHFLILFDOO\ODEHOHGQHDUO\DOO2$DQG7$FHOOVLQWKHWKRUDFLFDQGDEGRPLQDO
QHXURPHUHVRI'URVRSKLODODUYDHDQGFRXOGLGHDOO\EHXVHGWRDQDO\]HWKHEHKDYLRUDO
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UROHDQGVLQJOHFHOODQDWRP\RI2$7$QHXURQVE\YDULRXVNLQGVRIJHQHWLF
LQWHUYHQWLRQ

2FWRSDPLQHUJLFW\UDPLQHUJLFLQQHUYDWLRQRIODUYDODEGRPLQDOPXVFOHV
$IWHUDQDO\]LQJWKHQHXURQDODVVHPEO\RIWKH2$7$V\VWHPLQWKHODUYDO91&ZH
IROORZHGWKHHIIHUHQWSURFHVVHVRILWVQHXURQVDORQJWKHSHULSKHUDOQHUYHVDVZHOODV
WKHLUQHXURPXVFXODULQQHUYDWLRQSDWWHUQV,QJHQHUDOWKHPXVFOHSDWWHUQVDQGWKHLU
LQQHUYDWLRQZHUHKLJKO\FRQVHUYHGDORQJWKHDEGRPLQDOQHXURPHUHVDWRDZKLOH
DDDDQGWKHWKRUDFLFQHXURPHUHVVKRZHGGLIIHUHQWSDWWHUQV%DWH
*UDPDWHVDQG%XGQLN7KHUHIRUHZHIRFXVHGKHUHRQWKHPXVFOHLQQHUYDWLRQ
RI2$7$FHOOVLQDWRD:KHQUHDFKLQJWKHERG\ZDOOPXVFOHVWKHSHULSKHUDO
QHUYHVSOLWHGLQWRILYHEUDQFKHVWHUPHG,6161D61E61FDQG61G,WZDVVKRZQ
WKDWWKHHIIHUHQWD[RQVUHDFKLQJWKHPXVFOHVWKURXJKWKH,61EUDQFKLQQHUYDWHGWKH
GRUVDODQGODWHUDOPXVFOHVZKLOHQHXULWHVH[WHQGLQJWKURXJKWKHIRXU61EUDQFKHV
61D61GWHUPLQDWHGRQODWHUDODQGYHQWUDOPXVFOHV%DWH+RDQJDQG&KLED
/DQGJUDIHWDO7RGHVFULEHWKH2$7$LQQHUYDWLRQSDWWHUQRQWKH
DEGRPLQDOPXVFOHVZHODEHOHG7GF*DO8$6&DPHOHRQODUYDHZLWKDQWL*)3
DQGDQWL6\QDSVLQ6\QDSVLQLVDSUHV\QDSWLFSURWHLQORFDWHGLQW\SH,ERXWRQVRI
HDFKPXVFOH*RGHQVFKZHJHHWDO:HZHUHDEOHWRREVHUYHRQH*DO
SRVLWLYHD[RQLQWKH,61RQHLQWKH61EDQG61GDQGDQRWKHURQHLQWKH61D
EUDQFK)LJ-DQG.$VWZRRIWKHWKUHH980HIIHUHQWVOHIWWKHDEGRPLQDOJDQJOLRQ
YLDWKH,61URXWH980LVQ)LJ)DQG*RQHHIIHUHQWQHXULWHLQQHUYDWHGWKH
PXVFOHVH[WHQGLQJWKURXJKWKH61EDQG61GEUDQFKHVDUURZ)LJ-DQG.ZKLOH
WKHRWKHUQHXULWHXVHGWKH,61EUDQFKDUURZKHDG)LJ-DQG.IRUHPEU\R
/DQGJUDIHWDO7KHQHXULWHRIWKH980FHOOOHDYLQJWKH91&WKURXJKWKH61
980VQUHDFKHGWKHPXVFOHVYLDWKH61DEUDQFK$VVKRZQIRU2$VWDLQLQJLQ
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QRQHRIRXUSUHSDUDWLRQVZHGLGREVHUYHDQLQQHUYDWLRQRIPXVFOH9/DQG
PXVFOH9/ZKLFKDUHGHYRLGRIW\SH,,ERXWRQV.RRQHWDO0RQDVWLULRWLHW
DO)RUH[DPSOHZKHQIROORZLQJWKHSHULSKHUDOQHUYHRIVHJPHQWDLW
VHHPHGWKDWDOOPXVFOHVVKRZLQJ6\QDSVLQVWDLQLQJH[FHSWIRUPXVFOHV9/DQG
9/DUHDOVRWDUJHWVRIWKH7GF*DOSRVLWLYHQHXURQV7KHUHIRUHZHFRQFOXGHG
WKDWRQH980LVQQHXURQSURMHFWVYLDWKH,61EUDQFKRQWRGRUVDOPXVFOHV'$
'$'$//'2'2'2'7'2DQG
'2ZKLOHWKHRWKHU980LVQFHOOEUDQFKHVYLD61EDQG61GRQWRYHQWUDOPXVFOHV
9/9/9292929292DQG
927KH980VQQHXURQLQQHUYDWHGODWHUDOPXVFOHV/26%0/7
/7/7DQG/7YLDWKH61DEUDQFKVHHDOVR+RDQJDQG&KLED
,WPLJKWEHWKDWWKH980VQDOVRSURMHFWVWRWKH61FEUDQFKWRLQQHUYDWH
PXVFOHV9$9$DQG9$

/DUYDOORFRPRWLRQLVDQWDJRQLVWLFDOO\PRGXODWHGE\RFWRSDPLQHDQGW\UDPLQH
)ROORZLQJWKHDSSURDFKRI6DUDVZDWLHWDO6DUDVZDWLHWDOZHUHYLVLWHGWKH
UROHRI2$DQG7$LQODUYDOORFRPRWLRQ7RWKLVHQGZHGLGDQLQWHJUDWLYHEHKDYLRUDO
DQDO\VLVRIWKUHHGLIIHUHQWPXWDQWVWUDLQVODFNLQJHLWKHU2$7ȕKERWK2$DQG7$
7GF52RUKDYLQJDUHGXFHG7$UHFHSWRUOHYHOKRQRND
/DUYDOORFRPRWLRQFDQEHVHSDUDWHGLQWRGLIIHUHQWFRPSRQHQWVLQFOXGLQJ
GLVWDQFHVSHHGDQGGLUHFWLRQDOFKDQJHV7RUREXVWO\TXDQWLI\ORFRPRWLRQZH
IRFXVHGRQWKHGLVWDQFHZKLFKVLQJOHODUYDWUDYHOHGZLWKLQRQHPLQXWHRQDQDJDURVH
SODWHZKLFKZDVYLUWXDOO\GLYLGHGLQWRVPDOOHUVTXDUHVVHH0DWHULDOVDQG0HWKRGV
5HFRUGLQJZDVPDGHE\FRXQWLQJKRZPDQ\VTXDUHVSHUPLQXWHWKHODUYDHFURVVHG
RQWKHLUSDWK
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6LPLODUWR6DUDVZDWLHWDO6DUDVZDWLHWDO7ȕKPXWDQWODUYDH
H[KLELWLQJUHGXFHG2$DQGHOHYDWHG7$OHYHOV0RQDVWLULRWLHWDOVKRZHG
VHYHUHLPSDLUPHQWVLQORFRPRWLRQFRPSDUHGWRWKHLUDSSURSULDWHFRQWUROV)LJ$,Q
GHWDLOERWKKHPL]\JRXVPDOHDQGKRPR]\JRXVIHPDOHODUYDHZHUHVWURQJO\UHGXFHG
FRPSDUHGWRZPDOHVDQGIHPDOHVS [IRUPDOHFRPSDULVRQ[
IRUIHPDOHFRPSDULVRQUHVSHFWLYHO\,QFRQWUDVWKHWHUR]\JRXVIHPDOHODUYDHZHUH
LQGLVWLQJXLVKDEOHIURPFRQWUROODUYDHS )XUWKHUPRUHZHZDQWHGWRDGGUHVV
ZKHWKHU7$WKHSUHFXUVRURI2$LVDOVRLQYROYHGLQWKHUHJXODWLRQRIORFRPRWLRQ
)LUVWZHXVHG7GF52ODUYDHGHILFLHQWIRUW\URVLQHGHFDUER[\ODVHDQGWKHUHIRUH
ODFNLQJERWK7$DQG2$)LJ%7GF52ODUYDHEDODQFHGRYHU&\2ZHUH
VLJQLILFDQWO\UHGXFHGLQORFRPRWLRQFRPSDUHGWR&DQWRQ6S [DQGZ
S FRQWUROODUYDHZKLFKSHUIRUPHGHTXDOO\S /RFRPRWLRQWHQGHG
WREHHYHQIXUWKHUUHGXFHGLQKRPR]\JRXV7GF52ODUYDHGDWDQRWVKRZQ)LQDOO\
ZHDQDO\]HGLIODUYDOORFRPRWLRQLVDIIHFWHGE\UHGXFHGOHYHOVRIWKH7$UHFHSWRU,Q
RXUDVVD\KRQRNDODUYDHSHUIRUPHGVLJQLILFDQWO\EHWWHUWKDQWKHFRQWUROVDVUHIOHFWHG
E\HQKDQFHGGLVWDQFHVFRUHVZLWKLQRQHPLQXWH)LJ&S 7KLVSKHQRW\SH
LVLQOLQHZLWKUHVXOWVSXEOLVKHGE\.XWVXNDNHHWDO.XWVXNDNHHWDOZKR
UHSRUWHGWKDWDGXOWIOLHVZLWKDUHGXFHGQXPEHURI7$UHFHSWRUVVKRZVOLJKWO\
LQFUHDVHGORFRPRWRUDFWLYLW\FRPSDUHGWRZLOGW\SHIOLHV7DNHQWRJHWKHURXUGDWD
GHPRQVWUDWHWKDW2$DQG7$DUHLQYROYHGLQODUYDOORFRPRWLRQDQGWKDWWKHUHGXFWLRQ
RI7$UHFHSWRUVWULJJHUVK\SHUDFWLYLW\VLPLODUWRDGXOWIOLHV
7RFRQILUPDQGH[WHQGRXUILQGLQJVZHLQWHUIHUHGZLWKWKH2$7$V\VWHPE\
XVLQJWKH*DO8$6WHFKQRORJ\%UDQGDQG3HUULPRQ,QGHWDLOZHXVHGWKH
7GF*DOOLQHWRGULYHH[SUHVVLRQRIWUDQVJHQHVVSHFLILFDOO\LQ2$7$QHXURQVWR
HLWKHUDEODWHWKHP8$6+LG5SU*UHWKHUHWDO+D\HWDORUWREORFN
V\QDSWLFWUDQVPLVVLRQ8$6.LU%DLQHVHWDO,QWKHVDPHDVVD\DVXVHG
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DERYH7GF*DO8$6+LG5SUODUYDHVKRZHGVWURQJO\UHGXFHGIRUZDUGORFRPRWLRQ
&RPSDUHGWR7GF*DOS [DQG8$6+LG5SUS ODUYDH
H[SHULPHQWDOODUYDHVKRZHGQHDUO\UHGXFWLRQLQWHUPVRIVTXDUHVFURVVHGSHU
PLQXWH)LJ$,QWKLVH[SHULPHQWFRQWUROODUYDHHOLFLWHGDFKDUDFWHULVWLFVHDUFKLQJ
EHKDYLRUWRH[SORUHWKHDUHQD,QFRQWUDVWDEODWLRQRI2$7$FHOOVOHGWRDOWHUHG
ORFRPRWRUSDWWHUQVDVWKHVHODUYDHVKRZHGSDUWLDOO\DFLUFOLQJEHKDYLRUUHVXOWLQJLQ
VPDOOHUGLVWDQFHVWUDYHOHGSHUPLQXWHGDWDQRWVKRZQ1H[WZHDQDO\]HGZKHWKHU
7GF*DO8$6.LUODUYDHZHUHDOVRDIIHFWHGLQORFRPRWLRQ,QWKHVHODUYDH
HOHFWULFDOVLOHQFLQJRIV\QDSWLFWUDQVPLVVLRQLQ2$7$QHXURQVPD\QRWGHVWUR\WKH
KDUGZLULQJRIWKHQHWZRUNDVLWLVWKHFDVHLQWKHJHQHWLFDOO\DEODWHGODUYDH6LPLODU
WRSUHYLRXVUHVXOWV7GF*DO8$6.LUODUYDHDOVRVKRZHGDERXWUHGXFWLRQ
LQVTXDUHVFURVVHGSHUPLQXWHFRPSDUHGWRWKHLUDSSURSULDWHFRQWUROV)LJ$
S FRPSDUHGWR7GF*DODQGS FRPSDUHGWR8$6.LU$JDLQ
DVGHVFULEHGDERYHVLQJOHH[HPSODU\WUDFHVUHYHDOHGDEHUUDQWORFRPRWRU
SKHQRW\SHVDVH[SHULPHQWDOODUYDHVKRZHGSDUWLDOO\DFLUFOLQJEHKDYLRUZKHUHDV
FRQWUROODUYDHJHQHUDOO\WHQGHGWRUHDFKWKHHGJHVRIWKH3HWULGLVKZLWKLQRQHPLQXWH
GDWDQRWVKRZQ
7DNHQWRJHWKHU2$7$QHXURQVVHHPWRSOD\DPDMRUUROHLQODUYDO
ORFRPRWLRQDVJHQHWLFDEODWLRQDQGHOHFWULFDOVLOHQFLQJRIWKHVHQHXURQVOHGWRVLPLODU
PRYHPHQWLPSDLUPHQWVDVVKRZQIRUPXWDQWVODFNLQJ2$DQGRU7$)R[HWDO
.XWVXNDNHHWDO6DUDVZDWLHWDOWKLVVWXG\

2FWRSDPLQHUJLFW\UDPLQHUJLFQHXURQVZLWKLQWKHYHQWUDOQHUYHFRUGDUH
QHFHVVDU\IRUODUYDOORFRPRWLRQ
,QRUGHUWRUHVWULFWWKHH[SUHVVLRQSDWWHUQRI7GF*DOWRWKHKHPLVSKHUHVDQG62*
DQGWKHUHE\VHSDUDWLQJEUDLQIXQFWLRQRI2$7$IURPLWVWKRUDFLFDQGDEGRPLQDO
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IXQFWLRQZHFURVVHGWKHGULYHUOLQHWRWVK*DO&O\QHDQG0LHVHQE|FN
ZKLFKZDVVKRZQWREORFN*DOH[SUHVVLRQVSHFLILFDOO\ZLWKLQWKH91&([SUHVVLRQRI
8$6&DPHOHRQ'LHJHOPDQQHWDOGULYHQE\7GF*DOWVK*DOGLGQRW
UHYHDODQ\GHWHFWDEOHVWDLQLQJLQWKH91&H[FHSWIRUDERXWWZRFHOOVLQWKHW
QHXURPHUHDQGRQHFHOOHDFKLQWKHYHQWUDODQGGRUVDOFOXVWHULQWKHDEGRPLQDO
QHXURPHUHVDDQGD)LJ&)7DE7RDQDO\]HLI2$7$QHXURQVZLWKLQWKH
91&DUHNH\SOD\HUVIRUORFRPRWLRQZHH[SUHVVHG8$6+LG5SUGULYHQE\7GF
*DOWVK*DO([SHULPHQWDOODUYDHVKRZHGQRUPDOORFRPRWLRQFRPSDUHGWRWKH
FRUUHVSRQGLQJFRQWUROVS FRPSDUHGWR7GF*DOWVK*DODQGS 
FRPSDUHGWR8$6+LG5SU)LJ%)XUWKHUPRUH7GF*DOWVK*DO8$6+LG5SU
VKRZHGDQLQWDFWVHDUFKLQJEHKDYLRULHQRUPDOWUDFHVWRZDUGWKHHGJHVRIWKH
3HWULGLVKGDWDQRWVKRZQ+HQFHOLPLWLQJWKHH[SUHVVLRQRIWKHDEODWLRQLQGXFLQJ
WUDQVJHQHV+LGDQG5SUWR2$7$FHOOVRXWVLGHRIWKH91&³UHVFXHG´WKHORFRPRWRU
HIIHFW7KXV2$7$SRVLWLYHFHOOVZLWKLQWKH91&DUHFUXFLDOIRUPRGXODWLQJIRUZDUG
ORFRPRWLRQLQWKHODUYD

&KDUDFWHUL]DWLRQRIVLQJOHRFWRSDPLQHUJLFW\UDPLQHUJLFQHXURQVRIWKHODUYDO
YHQWUDOQHUYHFRUG
7RGHVFULEHWKHRFWRSDPLQHUJLFW\UDPLQHUJLFFHOOVRIWKH91&LQGHWDLOVLQJOH
QHXURQVZHUHLGHQWLILHGZLWKWKHDLGRIWKHIOSRXWWHFKQLTXH:RQJHWDO
6SHFLILFDOO\LQGLYLGXDO7GF*DOSRVLWLYHQHXURQVZHUHODEHOHGE\DQWL*)3DQG
GHVFULEHGZLWKLQD)DV,,&K$7EDFNJURXQGVWDLQLQJDQWL)DV,,VWDLQLQJDOORZHGD
VWUDLJKWIRUZDUGFRPSDULVRQRIWKHVHQHXURQVZLWKUHVSHFWWRWKHQRPHQFODWXUHRI
/DQGJUDIHWDO/DQGJUDIHWDOIRUDEGRPLQDO)DV,,SRVLWLYHWUDFWV)LJ/1
,QWKLVWHUPLQRORJ\FKDUDFWHULVWLFORQJLWXGLQDOD[RQDOWUDFWVZHUHQDPHGDFFRUGLQJWR
WKHLUUHODWLYHSRVLWLRQLQWKHGRUVRYHQWUDO'GRUVDO&FHQWUDO9YHQWUDODQG
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PHGLRODWHUDO0PHGLDQ,LQWHUPHGLDWH/ODWHUDOD[LVRIWKH91&7KHILYH
WUDQVYHUVHSURMHFWLRQVZHUHFDOOHG73WR73
,QJHQHUDOZHZHUHDEOHWRLGHQWLI\WKUHHGLIIHUHQWW\SHVRIQHXURQVLQWKHODUYDO
91&980930DQG'80QHXURQV7KHFOXVWHUVW90WRD90FRQWDLQHG980
FHOOVZKLOH930FHOOVZHUHUHVWULFWHGWRW90D90DQG'80FHOOVZHUHUHVWULFWHGWR
WKHWHUPLQDOVHJPHQW:KHUHDVWKHFHOOERGLHVRIWKH980DQG'80QHXURQV
VHHPHGWREHVLPLODULQVL]H930FHOOVSRVVHVVHGVOLJKWO\VPDOOHUVRPDWDDVWHULVNV
)LJ+DQG,%HORZZHFKDUDFWHUL]HWKH2$7$980QHXURQVRIWKHODUYDO91&
IROORZHGE\WKHWZR'80FHOOVRIDDQGWKH930QHXURQVRIWKHQHXURPHUHVWW
DQGD

&KDUDFWHULVWLFVRIODUYDO980QHXURQV
$OO980QHXURQVVHQWWKHLUSULPDU\QHXULWHVLQDEXQGOHWRWKHGRUVDOPDUJLQRIWKH
QHXURSLOZKHUHWKH\VSOLWHGLQDWVKDSHGPDQQHUDUURZ)LJ&VHHDOVR9|PHODQG
:HJHQHU7KHSULPDU\QHXULWHVRIWKHWKUHH980QHXURQVZLWKLQHDFKFOXVWHU
ZHUHUDQGRPO\WZLVWHGZKLOHSDVVLQJIURPWKHFHOOERGLHVGRUVDOO\WKURXJKWKH
QHXURSLO$IWHUWKHVSOLWHDFKRIWKHWKUHHD[RQVSURMHFWHGODWHUDOO\DQGH[WHQGHGLQWR
WKHSHULSKHUDOQHUYHHLWKHUYLDWKHWUDQVYHUVHSURMHFWLRQ73LQ)LJ1ZKLFK
UHSUHVHQWVWKHS,61/DQGJUDIHWDORUPRUHYHQWUDOO\LQWRWKH61)LJ'*
7KHUHIRUHDWOHDVWWZRGLVWLQFWW\SHVRI980QHXURQVH[LVWZKLFKGLIIHUHGLQWKHURXWH
WKHLUD[RQVIROORZHGWRHQWHUWKHQHUYHDQGWKXVDOVRLQWKHPXVFOHVWKH\LQQHUYDWHG
,QIDFWLWVHHPHGWKDWWKHWKUHH980QHXURQVSHUFOXVWHUVKRZQHDUO\WKHVDPH
DUERUL]DWLRQSDWWHUQLQWKHQHXURSLO)LJZKLOHGLIIHULQJFRPSOHWHO\LQWKHLU
PXVFXODULQQHUYDWLRQSDWWHUQ$VQRQHRIRXUVLQJOHFHOOSUHSDUDWLRQVLQFOXGHGWKH
PXVFOHLQQHUYDWLRQVZHFRXOGRQO\GLVWLQJXLVKEHWZHHQWKHURXWHVWDNHQE\WKH
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QHXULWHVWRHQWHUWKHSHULSKHUDOQHUYH+HQFHZHQDPHGWKHFHOOVDFFRUGLQJWRWKHLU
FOXVWHURIRULJLQDQGWKHLUQHXURSLOH[LWURXWHHJW980LVQRUW980VQ

980QHXURQVRIWKHWKRUDFLFQHXURPHUHV
7KHPDLQLQQHUYDWLRQUHJLRQRIWKHW980QHXURQVZDVWKHODWHUDOHGJHRIWKHW
QHXURPHUHDQGWKHSRVWHULRU62*DVWHULVNV)LJ'(*-/,QWHUHVWLQJO\WKH
FHOOVSURMHFWLQJWKURXJK,61DQG61VHHPHGWREHVLPLODUZLWKUHVSHFWWRWKHLU
QHXURSLOLQQHUYDWLRQ)LJ$%&-DQGEXWGLIIHUHGLQWKHLUPDLQSURMHFWLRQIURP
WKHGRUVRPHGLDOQHXURSLOWRWKHSHULSKHUDOQHUYHDUURZV)LJ&DQG))DUURZKHDG
VKRZV61DVWHULVN,61SURMHFWLRQ,QEHWZHHQVSHFLPHQVYDULDWLRQVEHWZHHQWKH
QXPEHUVDQGOHQJWKRIUDPLILFDWLRQVH[LVWHGZKLOHWKHFKDUDFWHULVWLFSURMHFWLRQV
UHPDLQHGHTXDO)LJ$DQG-,QPRVWSUHSDUDWLRQVDUERUL]DWLRQVIURPWKHSULPDU\
QHXULWHH[WHQGHGLQWRWKHGRUVDOSRVWHULRUQHXURSLOLQQHUYDWLQJWKHDQWHULRUSDUWRIWKH
WQHXURPHUHDUURZ)LJ.7KHVHPRVWO\GRUVRPHGLDOELIXUFDWLRQVZHUHUHVWULFWHG
WRWKHGRUVDOPRVWSDUWRIWKHQHXURSLODQGFRXOGDOVREHREVHUYHGLQ980FHOOVRIWKH
WDQGWQHXURPHUHVDUURZV)LJ0134DQG7KRXJKDOVRDQWHULRU
SURMHFWLRQVRFFXUUHGLQWKH980QHXURQVRIWDQGWDUURZKHDGV)LJ013DQG
47KHODWHUDODUERUL]DWLRQVRIW980DQGW980QHXURQVFRYHUHGDQDUHDIURPWKH
GRUVRPHGLDOWRWKHGRUVRODWHUDOQHXURSLOLHGRUVDOWRWKHFHQWUDOODWHUDOIDVFLFOHVLQ
LWVRZQDVZHOODVLQWKHDQWHULRUQHXURPHUHDVWHULVNV)LJ+027KHW980
QHXURQVDOVRUDPLILHGLQWKHQHXURSLODURXQGWKHGRUVDOPHGLDQIDVFLFOHLQWKHW
QHXURPHUHDVWHULVNV)LJ,45DQG

980QHXURQVRIWKHDEGRPLQDOQHXURPHUHVDWRD
)RUWKH980QHXURQVRIDEGRPLQDOQHXURPHUHVDWRDWKHPDLQDUERUL]DWLRQ
SDWWHUQVHHPHGWREHHVVHQWLDOO\LGHQWLFDODVGHPRQVWUDWHGLQ)LJXUH$/
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1HYHUWKHOHVVYDULDWLRQVLQWKHQXPEHUDQGOHQJWKRIUDPLILFDWLRQVZHUHSUHVHQWLQ
EHWZHHQGLIIHUHQWVSHFLPHQV$SDUWIURPWKHFKDUDFWHULVWLFHIIHUHQWSURMHFWLRQVRIDOO
91&980QHXURQVFHOOVRIWKHQHXURPHUHVDWRDVHHPHGWRDUERUL]HDORQJDQG
GRUVDOWRWKHGRUVDOPHGLDQ'0IDVFLFOHDUURZV)LJ1DQG3DQGODWHUDOO\DORQJ
WKHGRUVDOODWHUDO'/IDVFLFOHDUURZKHDGV)LJ$%()-DQG0)LJ7KHVH
LQQHUYDWLRQVZHUHQRWUHVWULFWHGWRWKHQHXURPHUHRIRULJLQEXWDOVRLQYDGHGWKHQH[W
DQWHULRUQHXURPHUH)LJ,QWKHGRUVRPHGLDOQHXURSLOWKHQHXURQVVHQW
DUERUL]DWLRQVDWOHDVWLQWRWZRPRVWO\WKUHHDQWHULRUQHXURPHUHVDQGDOZD\VLQWRWKH
DGMDFHQWSRVWHULRUQHXURPHUH)LJ1DQG3LQDOOWKHVHQHXURPHUHVWKH\VHHPHG
WRFURVVWKHPLGOLQHLQERWKSRVWHULRUDQGDQWHULRUFRPPLVVXUHV(DFKQHXURQDOVR
UDPLILHGLQWKHUHJLRQYHQWUDOWRWKHGRUVDOPHGLDQ'0IDVFLFOHEXWGRUVDOWRWKH
GRUVDOO\YHQWUDOPHGLDQ90GIDVFLFOHRILWVRZQVHJPHQWDUURZV)LJ&'*+.
DQG/)LJ$GGLWLRQDOO\ZHREVHUYHGLQPRVWRIRXUVLQJOHFHOOSUHSDUDWLRQV
DUERUL]DWLRQVGRUVDOWRWKHFHQWUDOLQWHUPHGLDWH&,IDVFLFOHVERWKLQWKHQHXURPHUH
RIRULJLQDQGLQRQHQHXURPHUHDQWHULRUDUURZ)LJ$%DQG)6HYHUDOVPDOO
UDPLILFDWLRQVSURMHFWHGIURPWKHVHLQWHUPHGLDWHD[RQVWRWKHPLGOLQH

980DQG'80QHXURQVRIWKHODVWDEGRPLQDOQHXURPHUHV
7KH2$7$QHXURQVRIWKHQHXURPHUHVDDQGDLQQHUYDWHGQHDUO\DOOSDUWVRIWKH
GRUVDOQHXURSLORIWKHLURZQQHXURPHUH)LJEXWDOVRUHDFKHGDQWHULRUQHXURPHUHV
DJDLQPDLQO\LQWKHGRUVRPHGLDOSDUWVRIWKHQHXURSLODUURZV)LJ/LNHZLVH
ORQJLWXGLQDODUERUL]DWLRQVUHDFKLQJDQWHULRUQHXURPHUHVZHUHREVHUYHGGRUVDOWRWKH
&,IDVFLFOHVDQGDURXQGWKH'0IDVFLFOHDUURZKHDGV)LJ
7KHWZR2$7$QHXURQVRIQHXURPHUHDKDGGRUVDOO\ORFDWHGFHOOERGLHV
D'80QHXURQV)RUWKHVHQHXURQVZHREWDLQHGRQO\RQHDGHTXDWHSUHSDUDWLRQ
)LJ+-DOORZLQJDSUHOLPLQDU\GHVFULSWLRQ,QWKLVSUHSDUDWLRQWKHD'80QHXURQ
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DUERUL]HGPRVWO\LQWKHGRUVDOSDUWRIWKHWHUPLQDOQHXURPHUHD)LJ,LWVQHXULWHV
DOVRH[FHVVLYHO\EUDQFKHGLQWKHGRUVDODQGPHGLDOQHXURSLORIWKHQHXURPHUHDDQG
HYHQUHDFKHGWKHSRVWHULRUSDUWRID)LJ,

930QHXURQV
7KHFHOOERGLHVRIWKH930QHXURQVUHVLGHGODWHUDOWRWKHPLGOLQHLQWKHYHQWUDO
FRUWH[7KHLUSULPDU\QHXULWHSURMHFWHGDQWHULRUO\DQGFURVVHGWKHPLGOLQHLQWKH
QHXURPHUHRIRULJLQSRWHQWLDOO\WRXFKLQJWKHQHXULWHRIWKHFRQWUDODWHUDOVLVWHUQHXURQ
930QHXURQVHVWDEOLVKHGDUERUL]DWLRQVPDLQO\LQWKHFRQWUDODWHUDOQHXURSLO
*LYHQWKDWLQQRQHRIWKHIOSRXWVWDLQLQJVWKHW930FHOOW\SHZDVODEHOHG
DORQHZHFDQQRWDFFXUDWHO\GHVFULEHLWVDQDWRP\7KHW930FHOOLQQHUYDWHGWKH
PHGLDOFRQWUDODWHUDOQHXURPHUHWDQGWKH62*)LJ$'$IWHUFURVVLQJWKH
PLGOLQHWKHSULPDU\QHXULWHUDQWRZDUGWKHODWHURPHGLDODUHDRIWKHWKRUDFLFJDQJOLRQ
ZKHUHLWVSOLWHGLQWRWZRSURFHVVHVDUURZKHDG)LJ$DQG'5DPLILFDWLRQV
SURMHFWHGLQWRWKHYHQWURPHGLDO62*)LJ'$VHFRQGDU\QHXULWHELIXUFDWHGLQWKH
GRUVRPHGLDOQHXURPHUHWDQGLQQHUYDWHGWKHPHGLRGRUVDO62*DQGWULWRFHUHEUXP
)LJ%
7KHW930FHOOW\SHSURMHFWHGDGGLWLRQDOO\WRWKHODWHUDOHGJHRIWKHWKRUDFLF
JDQJOLRQDUURZKHDG)LJ(DQG*$IWHUUHDFKLQJWKHFRQWUDODWHUDOVLGHRIWKH
QHXURPHUHWWKHSULPDU\QHXULWHELIXUFDWHG2QHSURFHVVUDQDQWHULRUO\DQGUHDFKHG
WKH62*)LJ+ZKLOHWKHRWKHURQHLQQHUYDWHGWKHGRUVRPHGLDODQGGRUVRODWHUDO
WKRUDFLFJDQJOLRQ)LJ)DQG*W930DOVRDUERUL]HGLQWKHEDVDOSURWRFHUHEUXP
ESDUURZ)LJ*
7KH930FHOOW\SHRIWKHQHXURPHUHDD930)LJ,/VKRZHGDYHU\
VLPLODULQQHUYDWLRQSDWWHUQDVLWVWKRPRORJXH,WDUERUL]HGLQWKHFRQWUDODWHUDOPHGLDO
DQGODWHUDOGRUVDOQHXURSLORIWDQGW)LJ-9HQWUDOO\WKHVHFRQGDU\QHXULWHUDQ
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DQWHULRUO\HVWDEOLVKLQJVKRUWUDPLILFDWLRQVLQWKHWKRUDFLFJDQJOLRQ)LJ.,QFRQWUDVW
WRW930DQGW930D930GLGQRWVHHPWRLQQHUYDWHWKH62*EXWSDVVHG
VWUDLJKWWKURXJKLWWRUHDFKWKHEDVDOSURWRFHUHEUXPDUURZ)LJ,DQG/

'LVFXVVLRQ
2FWRSDPLQHDQGW\UDPLQHDUHLQYROYHGLQWKHUHJXODWLRQRIQXPHURXV
SK\VLRORJLFDODQGEHKDYLRUDOIXQFWLRQV
%LRJHQLFDPLQHVDUHLPSRUWDQWQHXURDFWLYHPROHFXOHVLQWKH&16RIERWKYHUWHEUDWHV
DQGLQYHUWHEUDWHV3K\VLRORJLFDOO\WKH\FDQDFWDVQHXURWUDQVPLWWHUV
QHXURPRGXODWRUVRUQHXURKRUPRQHVUHYLHZHGLQ%OHQDXDQG%DXPDQQ
5RHGHU2$DQG7$ZHUHVKRZQWRUHJXODWHDEURDGYDULHW\RISK\VLRORJLFDO
IXQFWLRQVDQGEHKDYLRUVVXFKDVWKHILJKWRUIOLJKWUHVSRQVHV)LHOGV0HQWHOHW
DO6WHYHQVRQHWDODJJUHVVLRQ+R\HUHWDO5LOOLFKHWDO
6WHYHQVRQHWDO=KRXHWDORYXODWLRQ/HHHWDO/HHHWDO
0RQDVWLULRWLDQGIOLJKW%UHPEVHWDO9LHUNHWDO
+HUHZHGHPRQVWUDWHWKDWDSSUR[LPDWHO\2$7$FRQWDLQLQJQHXURQVLQWKH
91&RIWKH'URVRSKLODODUYDFRQWUROWKHPRGXODWLRQRIORFRPRWLRQFRQILUPLQJHDUOLHU
VWXGLHVZKLFKVKRZHGWKDW2$DQG7$DUHLQYROYHGLQLQVHFWORFRPRWLRQ$UDNDZDHW
DO)R[HWDO.XWVXNDNHHWDO1DJD\DHWDO6DUDVZDWLHW
DO6DXGRXHWDO6RPEDWLDQG+R\OH<HOOPDQHWDO7KH
UROHRIQHXURPRGXODWRUVZDVLQLWLDOO\H[SODLQHGE\DQ³RUFKHVWUDWLRQK\SRWKHVLV´
ZKLFKDVVXPHGWKDWQHXURPRGXODWRUUHOHDVHLQWRVSHFLILFQHXURSLOHVFRQILJXUHV
GLVWLQFWQHXUDODVVHPEOLHVWRSURGXFHFRRUGLQDWHGQHWZRUNDFWLYLW\6RPEDWLDQG
+R\OH+RZHYHUUHFHQWZRUNIURP'URVRSKLODODUYDOPRWRUEHKDYLRUVXJJHVWV
WKDWWKHFKHPLFDOFRGHVSURGXFLQJVSHFLILFPRWRURXWSXWVDUHERXTXHWVRIGLIIHUHQW
DPLQHVUDWKHUWKDQVLQJOHRQHV)R[HWDO6DUDVZDWLHWDO7KXVWR
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XQGHUVWDQGWKHPL[WXUHRIGLIIHUHQWDPLQHVLWLVLPSRUWDQWWRWUDFHLQGLYLGXDODPLQHUJLF
FHOOVDVZHOODVWKHORFDWLRQRIWKHUHODWHGUHFHSWRUV%\GHVFULELQJWKHLQQHUYDWLRQ
SDWWHUQRIVLQJOH7GFSRVLWLYHQHXURQVLQWKHODUYDO91&ZHSURYLGHWKHEDVLVIRU
VWXG\LQJWKHPROHFXODURUJDQL]DWLRQRI2$DQG7$RQWKHVLQJOHFHOOOHYHO,QGHWDLO
WKUHHGLIIHUHQWW\SHVRI2$7$FHOOVH[LVW9|PHODQG:HJHQHUWKLVVWXG\
980'80DQG930QHXURQV:KLOHWKHODWWHUDUHUHVWULFWHGWRWKH&16980DQG
'80FHOOVSURMHFWDGGLWLRQDOO\WRWKHSHULSKHU\

2FWRSDPLQHUJLFDQGW\UDPLQHUJLFQHXURQVLQWKHYHQWUDOQHUYHFRUGDUH
QHFHVVDU\IRUODUYDOORFRPRWLRQ
5HJDUGLQJWKHUROHRIRFWRSDPLQHUJLFW\UDPLQHUJLFQHXURQVLQODUYDOORFRPRWLRQLW
ZDVVKRZQWKDW7ȕ+PXWDQWODUYDHZLWKHOHYDWHG7$OHYHOVDQGUHGXFHG2$OHYHOV
VSHQWPRUHWLPHLQSDXVLQJHSLVRGHVZHUHVORZHUDQGGLVSOD\HGUHGXFHGOLQHDU
FUDZOLQJ6DUDVZDWLHWDO$VWKLVSKHQRW\SHFDQEHUHVFXHGE\IHHGLQJHLWKHU
7$UHFHSWRUDQWDJRQLVWVRU2$ERWKDPLQHVVHHPWRDQWDJRQL]HHDFKRWKHULQODUYDO
ORFRPRWLRQ,QRXUVWXGLHVHOHFWULFDOVLOHQFLQJZLWK8$6.LUDQGJHQHWLFDEODWLRQRI
7GFSRVLWLYHQHXURQVZLWK8$6KLGUSULQGXFHGVLPLODUPRYHPHQWGHIHFWV)LJ
&RPSDUHGWRFRQWUROODUYDHH[SHULPHQWDOODUYDHFUDZOHGVKRUWHUGLVWDQFHVSHU
PLQXWH0RUHRYHUWKH\SDUWLDOO\VKRZHGDFKDUDFWHULVWLFFLUFOLQJEHKDYLRUXQOLNHZLOG
W\SHODUYDHZKLFKW\SLFDOO\PRYHGWRZDUGWKHHGJHVRIWKH3HWULGLVKDVSDUWRIWKHLU
VHDUFKLQJEHKDYLRU7KLVLVLQOLQHZLWKSUHYLRXVVWXGLHVDVERWKWKHFLUFOLQJEHKDYLRU
DQGWKHVKRUWHUGLVWDQFHVWUDYHOHGUHIOHFWLPSDLUPHQWVLQOLQHDUFUDZOLQJDQGVSHHG
6DUDVZDWLHWDO,QWHUHVWLQJO\ZHZHUHDEOHWRUHVFXHWKLVSKHQRW\SHE\
FRPELQLQJ7GF*DOZLWKDWVK*$/FRQVWUXFW)LJZKRVHH[SUHVVLRQLQKLELWV
7GF*DOWUDQVFULSWLRQLQWKH91&H[FHSWIRUDERXWWZRFHOOVLQWKHWQHXURPHUH
DQGDWOHDVWRQHFHOOHDFKRIWKHYHQWUDODQGGRUVDOFOXVWHULQWKHODVWDEGRPLQDO
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QHXURPHUHVDDQGDUHVSHFWLYHO\7DE7GF*DOWVK*$/8$6+LG5SU
ODUYDHVKRZHGQRUPDOIRUZDUGPRYHPHQWLQGLFDWLQJWKHQHFHVVLW\RI2$7$FHOOVLQ
WKH91&IRUORFRPRWLRQDQGWKHGLVSHQVDELOLW\RIVXFKFHOOVLQWKHEUDLQIRUWKLV
EHKDYLRU
7KH980FHOOVDUHWKHPDMRUVHWRI2$7$QHXURQVLQWKHODUYDO91&$OORI
WKHPH[FHSWWKRVHLQWKHWDQGWQHXURPHUHVVHHPWRFRQWDFWRQHRUVHYHUDO980
FHOOVIURPWKHFRUUHVSRQGLQJFOXVWHUVLQDWOHDVWWKHWZRDQWHULRUQHXURPHUHVGDWD
QRWVKRZQ7KLVSRWHQWLDOFRQQHFWLYLW\EHWZHHQDOOPXVFOHLQQHUYDWLQJ980QHXURQV
PLJKWEHWKHIXQFWLRQDOEDVLVIRUWKHSHULVWDOWLFPRYHPHQWVQHFHVVDU\IRUODUYDO
ORFRPRWLRQ
$OO980FHOOVH[KLELWDPRWRUQHXURQOLNHPRUSKRORJ\H[KLELWLQJSRWHQWLDO
SRVWV\QDSWLFVLWHVLQWKHGRUVDO91&DQGSUHV\QDSWLFHQGLQJVRQWKHPXVFOHV.RRQ
HWDO0RQDVWLULRWLHWDO9|PHODQG:HJHQHU980WHUPLQDOV
VHHPWREHORFDWHGLQWKHYLFLQLW\RIW\SH,ERXWRQVLQDJUHHPHQWZLWKILQGLQJVWKDW
980QHXURQVUHJXODWHWKHSODVWLFLW\RIW\SH,ERXWRQV)LJ..RRQHWDO
+HQFHWKHORFRPRWLRQGHIHFWZHREVHUYHLQ7ȕ+PXWDQWVDQGLQODUYDHODFNLQJ
2$7$QHXURQVLQWKH91&7GF*DO8$6+LG5SU)LJDQGPLJKWGHSHQGRQ
WKHVLJQLILFDQWGHFUHDVHRIW\SH,ERXWRQQXPEHUVGXHWRWKHODFNRIRFWRSDPLQHUJLF
LQSXW.RRQHWDO$VQRUPDOORFRPRWLRQLVPRQLWRUHGZLWKLQWDFW2$7$FHOOV
LQWKH91&RQO\7GF*DOWVK*DO8$6+LG5SU)LJ2$7$QHXURQVRIWKH
62*DQGEUDLQDUHGLVSHQVDEOHIRUWKLVEHKDYLRU7KHUHIRUHZHVKRZIRUWKHILUVW
WLPHLQ'URVRSKLODODUYDDFOHDUIXQFWLRQDOVHJUHJDWLRQEHWZHHQDPLQHUJLFFHOOVRIWKH
EUDLQ62*DQGWKRVHRIWKH91&
 '80QHXURQVGRQRWVHHPWREHHVVHQWLDOIRUODUYDOORFRPRWLRQDVWVK*DOLV
QRWFRQVWDQWO\H[SUHVVHGLQWKHP,QIDFWLQPRVW7GF*DOWVK*DO8$6
&DPHOHRQODUYDHZHREVHUYHG*DOH[SUHVVLRQLQDWOHDVWRQH'80QHXURQRIWKH
26
ht
tp
://
do
c.
re
ro
.c
h
DQHXURPHUH)LJ(DQG)7DELQGLFDWLQJWKDW*DOLVQRWRURQO\ZHDNO\
H[SUHVVHGLQWKHVHFHOOV7KHGUDVWLFDOO\UHGXFHGQXPEHURIPXVFOHVLQWKHODVW
QHXURPHUHVDDQGD%DWHLVDQRWKHULQGLFDWLRQIRUWKHLUQHJOLJLEOHUROHLQ
ODUYDOFUDZOLQJ$GGLWLRQDOQHXURQVLQWKH91&WKDWDUHXQOLNHO\LQYROYHGLQODUYDO
ORFRPRWLRQEHFDXVHRIZHDNRUPLVVLQJWVK*DOH[SUHVVLRQDUHWKH930FHOOVRI
QHXURPHUHW,QDOO7GF*DOWVK*DO8$6&DPHOHRQODUYDHVWDLQLQJLQ
W930FHOOVZDVREVHUYHG)LJ(DQG)7DE2FWRSDPLQHUJLFW\UDPLQHUJLF930
QHXURQVSURMHFWWRWKH62*DQGWRVRPHH[WHQWDOVRWRWKHVXSUDRHVRSKDJHDO
JDQJOLRQ,WLVSRVVLEOHWKDWWKHVHSDLUHGFHOOVVHQGLQIRUPDWLRQIURPWKHWKRUDFLF
JDQJOLRQWRWKH62*DQGEDVDOSURWRFHUHEUXPRUYLFHYHUVD930QHXURQVSURMHFW
LQWRPRUHYHQWUDOUHJLRQVRIWKH91&WKDQ980FHOOVOD\HUVVKRZLQJDUERUL]DWLRQV
IURPRWKHUFHOOVWKDQPRWRUQHXURQV,QWHUHVWLQJO\930FHOOVZHUHQRWIRXQGLQWKH
QHXURPHUHVDWRD:KHWKHUWKLVFHOOW\SHSOD\VDUROHDWDOOLQODUYDOORFRPRWLRQ
KDVWREHLQYHVWLJDWHGLQPRUHGHWDLO

$QDWRP\RIRFWRSDPLQHUJLFW\UDPLQHUJLFQHXURQVLQWKHYHQWUDOJDQJOLDRI
'URVRSKLODODUYD
,QWKH91&RI'URVRSKLODODUYDHRFWRSDPLQHUJLFW\UDPLQHUJLF80QHXURQVDQGWKHLU
SURMHFWLRQVZHUHGHVFULEHGE\DQWLERG\VWDLQLQJDJDLQVW2$7$RU7ȕ+0RQDVWLULRWL
0RQDVWLULRWLHWDO0RQDVWLULRWLHWDO1DJD\DHWDODQGE\
JHQHWLFWRROVXVLQJ7GF*DO.RRQHWDO9|PHODQG:HJHQHU+HUH
ZHVKRZLPPXQRF\WRFKHPLFDOO\WKDWWKH7GF*DOH[SUHVVLQJQHXURQVDUH2$
7$DQG7ȕ+SRVLWLYH:KHUHDVWKH2$DQWLERG\PLJKWFURVVUHDFWWR7$VHHDOVR
%XVFKHWDOWKH7ȕ+DQWLERG\ZKLFKUHFRJQL]HVWKHHQ]\PHQHFHVVDU\IRU
2$V\QWKHVLVVHHPVWRUHOLDEO\ODEHORFWRSDPLQHUJLFQHXURQV0RQDVWLULRWLHWDO
7\UDPLQHUJLFQHXURQVFDQEHYLVXDOL]HGE\D7$DQWLERG\&KHPLFRQVHH
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DOVR1DJD\DHWDO7KLVDQWLERG\PD\FURVVUHDFWZLWK2$+RZHYHUDOO
RFWRSDPLQHUJLFQHXURQVVKRXOGFRQWDLQ7$DVLWLVWKHSUHFXUVRURI2$+HQFHWKH
SRWHQWLDOFURVVUHDFWLYLW\VKRXOGQRW\LHOGIDOVHSRVLWLYHUHVXOWV&RPSDULQJWKHDQWL
7ȕ+VWDLQLQJZLWKWKHDQWL7$VWDLQLQJVKRZHGWKDWDOO7GF*DOH[SUHVVLQJQHXURQV
DUHRFWRSDPLQHUJLFDQGW\UDPLQHUJLF3RWHQWLDOO\WZR7$LPPXQRUHDFWLYHFHOOVLQ
QHXURPHUHWH[LVWZKLFKZHUHQHYHUYLVXDOL]HGE\WKH7ȕ+DQWLERG\DQGLQWKH*DO
OLQHGDWDQRWVKRZQ7KHUHIRUHWKLVLPPXQRFKHPLFDODSSURDFKLPSOLHVWKDWWKH
DSSDUHQWO\GLIIHUHQWIXQFWLRQVRI2$DQG7$LQODUYDOORFRPRWLRQDUHQRWUHDOL]HGE\
VSHFLDOL]HGW\UDPLQHUJLFQHXURQV8QIRUWXQDWHO\QRWKLQJLVNQRZQDERXWWKH
VXEFHOOXODUORFDOL]DWLRQRI2$DQG7$$OVRZKHWKHUWKHVDPHFHOOFDQXVHERWK2$
DQG7$DVPRGXODWRUVLVQRWXQGHUVWRRG7KHUHIRUHLWLVDFWXDOO\QRWSRVVLEOHWR
K\SRWKHVL]HDERXWGLVWLQFWIXQFWLRQVRIWKHWZRDPLQHVHJZKHWKHUWKH\DFWLYDWH
GLIIHUHQWWDUJHWVRUH[HUWGLIIHUHQWHIIHFWVRQWKHVDPHWDUJHW
7KH91&RI'URVRSKLODODUYDHFRPSULVHVWKUHH980QHXURQVSHUQHXURPHUH
H[FHSWIRUQHXURPHUHVDDQGD7KHHIIHUHQWDEGRPLQDO980VDUHNQRZQWR
LQQHUYDWHQHDUO\DOOERG\ZDOOPXVFOHVRIWKHLUVHJPHQWYLDW\SH,,ERXWRQV+RDQJ
DQG&KLED.RRQHWDO0RQDVWLULRWLHWDO%\VLQJOHFHOOVWDLQLQJ
ZHIRXQGWZRW\SHVRIRFWRSDPLQHUJLFW\UDPLQHUJLF980QHXURQVEDVHGRQWKHURXWH
WDNHQE\WKHLUHIIHUHQWQHXULWHVWRHQWHUWKHSHULSKHUDOQHUYH$SDUWIURPWKLVPDUJLQDO
GLVFUHSDQF\LWVHHPVWKDWDOO980QHXURQVRIDJLYHQQHXURPHUHDUHGLVWLQFWE\WKH
PXVFOHVWKH\LQQHUYDWHWKLVVWXG\,QDURXQGSUHSDUDWLRQVVKRZLQJHLWKHUD
VLQJOHRUVHYHUDOGLVWLQFWODEHOHG980QHXURQVGLIIHUHQWRYHUDOOQHXURSLODUERUL]DWLRQ
SDWWHUQVZHUHQHYHUREVHUYHG$OWKRXJKVXEWOHLQWHULQGLYLGXDOYDULDWLRQVH[LVW)LJ
DQGWKHJHQHUDOFKDUDFWHULVWLFVUHPDLQWKHVDPH1HYHUWKHOHVVWKLVGRHVQRW
QHFHVVDULO\PHDQWKDWWKHFHOOVDUHWKHVDPHDVZHFRXOGQRWWHOODQ\WKLQJDERXW
WKHLUFRQQHFWLRQVWRRWKHUQHXURQVLQWKLVQHXURSLOUHJLRQV$OVRGHVSLWHRXUDQDO\VLV
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RIDURXQGODUYDOSUHSDUDWLRQVZHFDQQRWUXOHRXWWKHSUHVHQFHRIDQDGGLWLRQDO
W\SHRI980QHXURQ

980DQG'80QHXURQVLQWKHYHQWUDOJDQJOLDRILQVHFWV
80FHOOVDUHNQRZQIURPPDQ\GLIIHUHQWLQVHFWVOLNHIOLHVORFXVWVFULFNHWV
FRFNURDFKHVKRQH\EHHVVWLFNLQVHFWVVLONPRWKVDQGKDZNPRWKV$ULNDZDHWDO
%URRNHV%XVFKHWDO&DVDGD\&KULVWHQVHQHWDO
&KULVWHQVHQ'DYLV'DYLV)HUEHUDQG3IOJHU*ROGDPPHU
HWDO+DPPHU+R\OH.RQGRK0HQWHOHWDO
0RQDVWLULRWL3IOJHUDQG:DWVRQ3IOJHUHWDO5KHXEHQDQG
.DPPHU6LQDNHYLWFKHWDO7D\ORU,WZDVVKRZQWKDWPRVWRIWKH
80FHOOVRIWKH91&H[WHQGWKHLUHIIHUHQWVELODWHUDOO\V\PPHWULFDOWRWKHSHULSKHUDO
QHUYHV80QHXURQVDUHWKRXJKWWRSOD\DUROHLQWKHFRQWURORIPXVFOHVLQDOORIWKHVH
LQVHFWV%URRNHV'DVDULDQG&RRSHU)HUEHUDQG3IOXJHU
-RKQVWRQHWDO.RRQHWDO1DJD\DHWDO1LVKLNDZDDQG
.LGRNRUR3IOXJHUHWDO
,QDGXOW'URVRSKLOD2$LPPXQRUHDFWLYHFHOOVZHUHGHVFULEHGDWWKHYHQWUDO
PLGOLQHLQDOOWKRUDFLFDQGWKHIXVHGDEGRPLQDOQHXURPHUHV0RQDVWLULRWLHWDO
*LYHQWKDWVLQJOHFHOOVWDLQLQJVDUHODFNLQJIRUWKHDGXOW91&LWLVQRWSRVVLEOHWRWHOO
ZKHWKHU930QHXURQVDOVRH[LVW+RZHYHULQWKHSXEOLVKHGUHSRUWVRI2$
LPPXQRUHDFWLYLW\DQG7GF*DOH[SUHVVLRQSDWWHUQVQHXURQVZLWKVPDOOHUFHOO
ERGLHVDUHYLVLEOHQH[WWRWKHPLGOLQH&ROHHWDO0RQDVWLULRWLHWDO
$SDUWIURPWKHLQQHUYDWLRQRIWKHRYDULHVE\WKHRFWRSDPLQHUJLFW\UDPLQHUJLFQHXURQV
YLDWKHDEGRPLQDOQHUYHWRWKHRYDU\QRWPXFKLVNQRZQDERXWWKHSURMHFWLRQSDWWHUQV
RIWKHDSSUR[LPDWHO\90FHOOVLQWKH91&&ROHHWDO0RQDVWLULRWL
5RGULJXH]9DOHQWLQHWDO3URWKRUDFLFFHUYLFDOPXVFOHVZHUHVKRZQWREH
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LQQHUYDWHGE\W\SH,,ERXWRQVFRQWDLQLQJ2$SRWHQWLDOO\IURP980QHXURQVRIWKH
91&5LYOLQHWDO,QWHUHVWLQJO\HOHFWURSK\VLRORJLFDOVWXGLHVSURYLGHG
HYLGHQFHWKDW2$DIIHFWVOHJPXVFOHIXQFWLRQLQDGXOWIOLHV'XGDL,QOLQHZLWK
WKLVREVHUYDWLRQ2$DOVRVHHPVWRPRGXODWHHVFDSHMXPSLQJ+DUYH\HWDO
=XPVWHLQHWDO,QRWKHULQVHFWVOHJLQQHUYDWLQJ'80QHXURQVZLWKSRWHQWLDO
UROHVLQPRWRUEHKDYLRUZHUHGHVFULEHG%DXGRX[HWDO%XUURZVDQG3IOJHU
*UDV0HQWHOHWDO7KHRSKLOLGLV7KHDSSOLFDWLRQRI2$WR
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DQWLERG\1HXURVFLHQFHUHVHDUFK
7D\ORU+07UXPDQ-:0HWDPRUSKRVLVRIWKHDEGRPLQDOJDQJOLRQRIWKH
WREDFFRKRUQZRUP0DQGXFDVH[WD-FRPS3K\VLRO
7KHRSKLOLGLV*D%0'7KHLQQHUYDWLRQRIWKHPHVRWKRUDFLFIOH[RUWLELDH
PXVFOHRIWKHORFXVW-([S%LRO
7KRPDV-%%DVWLDQL0-%DWH0*RRGPDQ&6)URPJUDVVKRSSHUWR
'URVRSKLODDFRPPRQSODQIRUQHXURQDOGHYHORSPHQW1DWXUH

7KXP$6.QDSHN65LVWHU-'LHULFKV6FKPLWW(+HLVHQEHUJ07DQLPRWR+
'LIIHUHQWLDOSRWHQFLHVRIHIIHFWRUJHQHVLQDGXOW'URVRSKLOD7KH-RXUQDORI
FRPSDUDWLYHQHXURORJ\
7KXP$6/HLVLEDFK%*HQGUH16HOFKR06WRFNHU5)'LYHUVLW\YDULDELOLW\
DQGVXERHVRSKDJHDOFRQQHFWLYLW\RIDQWHQQDOOREHQHXURQVLQ'PHODQRJDVWHU
ODUYDH7KH-RXUQDORIFRPSDUDWLYHQHXURORJ\
7LQLNXO<0HUFLHU$-6REKRQ3'LVWULEXWLRQRIGRSDPLQHDQGRFWRSDPLQHLQ
WKHFHQWUDOQHUYRXVV\VWHPDQGRYDU\GXULQJWKHRYDULDQPDWXUDWLRQF\FOHRI
WKHJLDQWIUHVKZDWHUSUDZQ0DFUREUDFKLXPURVHQEHUJLL7LVVXH&HOO

9DUQDP&-6WUDXVV5%HOOH-66RNRORZVNL0%/DUYDOEHKDYLRURI
'URVRSKLODFHQWUDOFRPSOH[PXWDQWVLQWHUDFWLRQVEHWZHHQQREULGJHIRUDJLQJ
DQG&KDVHU-1HXURJHQHW
37
ht
tp
://
do
c.
re
ro
.c
h
9LHUN53IOXHJHU+-'XFK&'LIIHUHQWLDOHIIHFWVRIRFWRSDPLQHDQGW\UDPLQH
RQWKHFHQWUDOSDWWHUQJHQHUDWRUIRU0DQGXFDIOLJKW-&RPS3K\VLRO$
1HXURHWKRO6HQV1HXUDO%HKDY3K\VLRO
9|PHO0:HJHQHU&1HXURDUFKLWHFWXUHRIDPLQHUJLFV\VWHPVLQWKHODUYDO
YHQWUDOJDQJOLRQRI'URVRSKLODPHODQRJDVWHU3/R62QHH
:DQJ-:6\OZHVWHU$:5HHG':X'$6ROO'5:X&)0RUSKRPHWULF
GHVFULSWLRQRIWKHZDQGHULQJEHKDYLRULQ'URVRSKLODODUYDHDEHUUDQW
ORFRPRWLRQLQ1DDQG.FKDQQHOPXWDQWVUHYHDOHGE\FRPSXWHUDVVLVWHG
PRWLRQDQDO\VLV-1HXURJHQHW
:RQJ$0:DQJ-:$[HO56SDWLDOUHSUHVHQWDWLRQRIWKHJORPHUXODUPDSLQ
WKH'URVRSKLODSURWRFHUHEUXP&HOO
<HOOPDQ&7DR++H%+LUVK-&RQVHUYHGDQGVH[XDOO\GLPRUSKLF
EHKDYLRUDOUHVSRQVHVWRELRJHQLFDPLQHVLQGHFDSLWDWHG'URVRSKLOD3URF1DWO
$FDG6FL86$
=KRX&5DR<5DR<$VXEVHWRIRFWRSDPLQHUJLFQHXURQVDUHLPSRUWDQWIRU
'URVRSKLODDJJUHVVLRQ1DW1HXURVFL
=XPVWHLQ1)RUPDQ21RQJWKRPED86SDUURZ-&(OOLRWW&-'LVWDQFHDQG
IRUFHSURGXFWLRQGXULQJMXPSLQJLQZLOGW\SHDQGPXWDQW'URVRSKLOD
PHODQRJDVWHU-([S%LRO3W


)LJXUH/HJHQGV
)LJ,QQHUYDWLRQSDWWHUQRI7GF*DOLQWKH91&DQGDEGRPLQDOPXVFOHV
$,7GF*DOH[SUHVVLRQLQWKHYHQWUDOQHUYHFRUG91&RIWKH'URVRSKLODODUYD
:KLWH7GF*DO8$6&DPHOHRQDQWL*)3RUDQJHDQWL&KDWDQWL)DV,,$%
+RUL]RQWDOSURMHFWLRQVRIDODUYDO91&VKRZLQJ7GF*DOSRVLWLYHFHOOFOXVWHUVLQWKH
WKRUDFLFDQGDEGRPLQDOQHXURPHUHVW90D90FOXVWHUVFRQWDLQ980QHXURQV
ZKLOHD'0FRQVLVWVRI'80FHOOV7KHWKRUDFLFQHXURPHUHVDQGWKHILUVWDEGRPLQDO
QHXURPHUHDDGGLWLRQDOO\H[SUHVV*DOLQRQH930QHXURQSHUVLGHDUURZV&
'RUVDOYLHZRQWKH91&VKRZLQJWKHODWHUDOO\ELIXUFDWLQJ980QHXURQVRIW90WR
D90DUURZDQGWKHLUQHXULWHVSURMHFWLQJYLDWKHSHULSKHUDOQHUYHWRWKHPXVFOHV
DUURZKHDG'*+LJKHUPDJQLILFDWLRQRISURMHFWLRQVLQW'(DQGD)*
UHVSHFWLYHO\DQGWKHLUSHULSKHUDOQHUYHV7ZRPDLQQHUYHWUXQNVWKHLQWHUVHJPHQWDO
,61DQGVHJPHQWDOQHUYH61MRLQWRIRUPWKHSHULSKHUDOQHUYHRIWWRD7ZRRI
WKHWKUHH980QHXURQVLQWSURMHFWYLDWKH61ZKLOHLQDWZR980HIIHUHQWVDULVH
YLDWKH,61,61DVWHULVNV+,/DWHUDOYLHZRIWKHWKRUDFLFDQGILUVWDEGRPLQDO
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QHXURPHUHGRUVDOXS+7KHSULPDU\QHXULWHVRIWKHWKUHH980FHOOVSHUFOXVWHU
DUHUDQGRPO\WZLVWHGZKLOHSURMHFWLQJGRUVDOO\DUURZV,3URMHFWLRQRIDVXEVHWRI
VHFWLRQVRIWDVHHQLQ)VKRZLQJWKHDQWHULRUO\DUERUL]LQJSULPDU\QHXULWHDUURZ
RIWKHW930QHXURQFHOOERG\PDUNHGE\DVWHULVN-.7GF*DOH[SUHVVLRQDW
WKHDEGRPLQDOERG\ZDOOPXVFOHV:KLWH7GF*DO8$6&DPHOHRQDQWL*)3
RUDQJHDQWL6\QDSVLQW\SH,ERXWRQPDUNHU$EGRPLQDOERG\ZDOOPXVFOHVDUH
LQQHUYDWHGE\RQH*DOSRVLWLYHD[RQLQWKH,61DUURZKHDGRQHLQWKH61EDUURZ
DQGDQRWKHURQHLQWKH61DDVWHULVNEUDQFK
/1+RUL]RQWDOSURMHFWLRQVRIYHQWUDO/PHGLDO0DQGGRUVDO1OD\HUVRIWKH
QHXURPHUHVDDQGD1RPHQFODWXUHDIWHU/DQGJUDIHWDO90YHQWUDO
PHGLDQ9/YHQWUDOODWHUDO'0GRUVDOPHGLDQ&,FHQWUDOLQWHUPHGLDWH'/GRUVDO
ODWHUDOIDVFLFOHWUDQVYHUVHSURMHFWLRQ736FDOHEDUVP+,/1P

)LJ7ȕ+RFWRSDPLQHDQGW\UDPLQHLPPXQRUHDFWLYLW\LQWKHODUYDO91&
$'*7GF*DOH[SUHVVLRQLQFRPELQDWLRQZLWK7ȕ+W\UDPLQHȕK\GUR[\ODVH
2$RFWRSDPLQHDQG7$W\UDPLQHLPPXQRUHDFWLYLW\UHVSHFWLYHO\*UHHQ7GF
*DO8$6&DPHOHRQDQWL*)3FKPDJHQWD$DQWL7ȕ+'DQWL2$*DQWL
7$7KHVHFRQG%(+DQGWKLUGFROXPQV&),UHSUHVHQWWKH7GF*DO
H[SUHVVLRQDQG7ȕ+2$7$VWDLQLQJUHVSHFWLYHO\$&$OO7GFSRVLWLYHQHXURQVRI
WKHODUYDO91&DUHDOVRODEHOHGE\WKH7ȕ+DQWLERG\7KUHHFHOOERGLHVSHUVLGHLQ
DEGRPLQDOQHXURPHUHVDDZHUHRQO\7ȕ+LPPXQRUHDFWLYHLQVHUWLQ$DVWHULVNV
')$OO7GFSRVLWLYHQHXURQVRIWKHODUYDO91&DUHDOVRODEHOHGE\WKH2$
DQWLERG\7KH2$VWDLQLQJZDVYDULDEOHEHWZHHQVSHFLPHQV*,$OO7GFSRVLWLYH
QHXURQVRIWKHODUYDO91&DUHDOVRODEHOHGE\WKH7$DQWLERG\6FDOHEDUVP

)LJ/DUYDOORFRPRWLRQLVDQWDJRQLVWLFDOO\PRGXODWHGE\2$DQG7$
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$+HPL]\JRXV7KPDOHODUYDHZHUHVLJQLILFDQWO\UHGXFHGLQORFRPRWRUDFWLYLW\
FRPSDUHGWRZPDOHVS [/RFRPRWLRQRIKHWHUR]\JRXV7KIHPDOHV
ZDVLQGLVWLQJXLVKDEOHIURPWKDWRIZIHPDOHFRQWUROVS ,QFRQWUDVW
KRPR]\JRXV7KIHPDOHODUYDHFUDZOHGPXFKVKRUWHUGLVWDQFHVSHUPLQXWH
FRPSDUHGWRZODUYDHS [DQGKHWHUR]\JRXV7KODUYDH[
%7GF52&\2ODUYDHZLWKUHGXFHGOHYHOVRIERWK2$DQG7$VKRZHGVLJQLILFDQWO\
UHGXFHGORFRPRWRUDFWLYLW\FRPSDUHGWR&DQWRQ6S [DQGZODUYDH
S &KRQRNDODUYDHZLWKDUHGXFHGW\UDPLQHUHFHSWRUOHYHOZHUH
K\SHUDFWLYHDQGWUDYHOOHGVLJQLILFDQWO\IDVWHUWKDQZFRQWUROODUYDHS 
QV!DVWHULVNVLQGLFDWHVLJQLILFDQFHOHYHOVEHWZHHQ
JHQRW\SHV1 VDPSOHVL]H

)LJ2FWRSDPLQHUJLFW\UDPLQHUJLFQHXURQVDUHLQYROYHGLQODUYDOORFRPRWLRQ
$%RWKWKHH[SUHVVLRQRIWKHFHOODEODWLRQJHQHV+LG5SUDQGRIWKHLQZDUGO\
UHFWLI\LQJSRWDVVLXPFKDQQHO.LULQ7GFSRVLWLYHFHOOVOHGWRVWURQJO\UHGXFHG
GLVWDQFHVWUDYHOOHGZLWKLQRQHPLQXWHFRPSDUHGWR*DODQG8$6FRQWUROODUYDH
%7KHFRPELQHGH[SUHVVLRQRI7GF*DODQGWVK*$/LQKLELWHGWKH+LG5SU
LQGXFHGORFRPRWLRQSKHQRW\SH7KHVHODUYDHSHUIRUPHGVLJQLILFDQWO\EHWWHUWKDQ
7GF*DO8$6KLGUSUEXWLQGLVWLQJXLVKDEOHIURP7GF*DOWVK*$/S 
DQG8$6+LG5SUS ODUYDH&'7GF*DOH[SUHVVLRQLQWKHODUYDO
&16:KLWH7GF*DO8$6&DPHOHRQDQWL*)3RUDQJHDQWL&KDWDQWL)DV,,
()7GF*DOWVK*DOH[SUHVVLRQLQWKHODUYDO&16:KLWH7GF*DOWVK*DO
8$6&DPHOHRQDQWL*)3RUDQJHDQWL&KDWDQWL)DV,,1RGHWHFWDEOHVWDLQLQJRI
WKHRFWRSDPLQHUJLFW\UDPLQHUJLFFHOOVLQWKH91&LVYLVLEOHH[FHSWIRUWKH930
QHXURQVLQWKHWQHXURPHUHDUURZDQGRQHFHOOLQWKHD'0FOXVWHUDUURZKHDG
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QV!DVWHULVNVLQGLFDWHVLJQLILFDQFHOHYHOVEHWZHHQ
JHQRW\SHV1 VDPSOHVL]H6FDOHEDUVP

)LJ$QDWRP\RIVLQJOH980QHXURQVRIWKHODUYDOWKRUDFLFJDQJOLRQ
$53URMHFWLRQSDWWHUQRIVLQJOHRFWRSDPLQHUJLFW\UDPLQHUJLF980QHXURQVRIWKH
WKRUDFLFQHXURPHUHV:KLWH7GF*DO8$6P&'*)3DQWL*)3RUDQJHDQWL
&KDWDQWL)DV,,$/7KHPDLQQHXURSLOLQQHUYDWLRQSDWWHUQVRIWKHHIIHUHQW980
QHXURQVLQWKHWKRUDFLFQHXURPHUHWDQGWKHLUSURMHFWLRQVWKURXJKWKH
LQWHUVHJPHQWDOQHUYH,61RUVHJPHQWDOQHUYH61VHHPVWREHLGHQWLFDO
5DPLILFDWLRQVDUHPRVWO\IRXQGLQWKHODWHUDOQHXURSLORIWDQGWKHSRVWHULRU62*
DVWHULVNV&+RUL]RQWDOSURMHFWLRQRIWKHDQWHULRUWKRUDFLFQHXURPHUHVDQGWKH
62*7ZRW980QHXURQVDUHVWDLQHGLQWKHVDPH91&7KHFHOOVGLIIHURQO\ZLWK
UHVSHFWWRWKHD[RQDOSURMHFWLRQIURPWKHODWHUDOGRUVRPHGLDOQHXURSLODUURZWRWKH
SHULSKHUDOQHUYH))URQWDOYLHZRIWKHFHOOVKRZQLQ&7KHD[RQSURMHFWLQJLQWKH
61DUURZKHDGUXQVYHQWUDOO\IURPWKHODWHUDOGRUVRPHGLDOQHXURSLOZKLOHWKH
HIIHUHQWIURPWKH980LVQFHOODVWHULVNVWD\VDWWKHGRUVDOPDUJLQRIWKHQHXURSLO'
/+RUL]RQWDOSURMHFWLRQRIDW980LVQQHXURQ-VKRZVWKHZKROHSURMHFWLRQSDWWHUQ
.WKHGRUVDOPRVWDUERUL]DWLRQVRIWKHFHOOZKLOH/UHSUHVHQWVPHGLDODQGYHQWUDO
OD\HUV.5DPLILFDWLRQVLQWKHGRUVRPHGLDOUHJLRQRIQHXURPHUHWDUHYLVLEOH
DUURZ/W980LVQLQQHUYDWHVWKHSRVWHULRU62*ODWHUDOO\+)URQWDOYLHZRIWKH
W980LVQQHXURQZKLFKPDLQO\UDPLILHVLQWKHODWHUDOQHXURSLODVWHULVN02
+RUL]RQWDOSURMHFWLRQVRIWKHHQWLUHFHOO0GRUVDO1DQGPHGLDOWRYHQWUDOOD\HUV
2UHVSHFWLYHO\7KHW980LVQQHXURQUDPLILHVLQWKHODWHUDOQHXURSLODVWHULVNV
7KHDUURZVLQGLFDWHGRUVRPHGLDODUERUL]DWLRQVLQQHUYDWLQJWKHSRVWHULRUQHXURPHUH
WZKLOHWKHDUURZKHDGVSRLQWWRDQWHULRUSURMHFWLRQVLQWKHGRUVRPHGLDOQHXURSLO
ZKLFKZHUHQHYHUREVHUYHGLQW980QHXURQV,)URQWDOYLHZRIWKHW980LVQFHOO
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0HGLDOSURMHFWLRQVDVWHULVNDUHQRWUHVWULFWHGWRWKHGRUVDOQHXURSLOXQOLNHLQW980
DQGW980FHOOV35+RUL]RQWDOSURMHFWLRQVRIWKHHQWLUHFHOO3GRUVDO4DQG
PHGLDOOD\HUV5UHVSHFWLYHO\$QWHULRUDUURZKHDGDQGSRVWHULRUDUURZ
GRUVRPHGLDODUERUL]DWLRQVLQWKHQHLJKERULQJQHXURPHUHVDUHYLVLEOH5W980
UDPLILHVDURXQGWKHPLGOLQHLQPHGLDOQHXURSLOUHJLRQVDWWKHOHYHORIWKHFHQWUDO
LQWHUPHGLDWHIDVFLFOH&,6FDOHEDUVP

)LJ$QDWRP\RIVLQJOH980QHXURQVRIWKHODUYDODEGRPLQDOJDQJOLRQ
$33URMHFWLRQSDWWHUQRIVLQJOHRFWRSDPLQHUJLFW\UDPLQHUJLF980QHXURQVLQWKH
DEGRPLQDOQHXURPHUHVDDQGD:KLWH7GF*DO8$6P&'*)3DQWL*)3
RUDQJHDQWL&KDWDQWL)DV,,$%(),-+RUL]RQWDOSURMHFWLRQSDWWHUQRIWKHHQWLUH
QHXURQ$SDUWIURPWKHPDLQSURMHFWLRQVLQWKHGRUVRPHGLDOQHXURSLOUDPLILFDWLRQVDUH
YLVLEOHDWWKHODWHUDOPDUJLQRIWKHQHXURSLODUURZKHDGDQGGRUVDOWRWKHFHQWUDO
LQWHUPHGLDWHIDVFLFOHDUURZ$%7KH980QHXURQVRIHDFKFOXVWHUVHHPWRGLIIHU
RQO\ZLWKUHVSHFWWRWKHLUHIIHUHQWV(),-$VVHHQLQIRXUGLIIHUHQWVSHFLPHQV
D980LVQFHOOVYDU\LQWKHLUOHQJWKDQGQXPEHURIDUERUL]DWLRQVZKLOHWKHPDLQ
SURMHFWLRQUHPDLQWKHVDPH&'*+./)URQWDOYLHZRIWKHHQWLUH980QHXURQV
7KHPHGLDQDUERUL]DWLRQVH[WHQGWRWKHPRUHYHQWUDOQHXURSLOEXWUHPDLQGRUVDOWR
WKHYHQWUDOPHGLDQIDVFLFOHDUURZV03+RUL]RQWDOSURMHFWLRQVRIDIHZVHFWLRQVRI
WKHGRUVDOPRVWQHXURSLOLQFOXGLQJWKHGRUVDOODWHUDOIDVFLFOH'/0DQG2DQGRIWKH
GRUVDOQHXURSLOLQFOXGLQJWKHGRUVDOPHGLDQIDVFLFOH'01DQG3UHVSHFWLYHO\0
D980QHXURQVVKRZDUERUL]DWLRQVLQWKHPHGLRGRUVDOQHXURSLODVWHULVNDQGDORQJ
WKH'/DUURZKHDG15DPLILFDWLRQVDORQJWKH'0VHHPWRUHDFKDQWHULRU
QHXURPHUHVDVZHOODVWKHSRVWHULRUQHXURPHUHDDUURZV26PDOOEUDQFKHVQHDU
WKH'/DUHYLVLEOHDUURZKHDG3$UERUL]DWLRQVLQQHUYDWHDQWHULRUWKHQHXURPHUHV
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DDQGDDQGVHHPWRUHDFKWKHDGMDFHQWSRVWHULRUQHXURPHUHDDUURZV6FDOH
EDUVP

)LJ$QDWRP\RIVLQJOH980DQG'80QHXURQVRIODUYDODEGRPLQDO
QHXURPHUHVDDQGD
+RUL]RQWDOSURMHFWLRQVRIVLQJOH980$%DQG'80QHXURQV+UHVSHFWLYHO\
3URFHVVHVDUERUL]HLQWKHGRUVRPHGLDOQHXURSLORIDQWHULRUQHXURPHUHVDUURZV&
DQG')URQWDOYLHZRIFHOOSURMHFWLRQV'RUVDOXSYHQWUDOGRZQ(*'LIIHUHQW
QHXURSLODUHDVDUHLQQHUYDWHGE\WKHD980FHOOVKRZQLQ$('RUVDOUHJLRQRIWKH
91&7KHHIIHUHQWVSURMHFWYLDWKH,615DPLILFDWLRQVDORQJWKHDQWHULRUDQGSRVWHULRU
FRPPLVVXUHVRIQHXURPHUHVDDDQGDDUHYLVLEOH)7KHGRUVRPHGLDOO\
SURMHFWLQJQHXULWHVDUURZVHHPWRUHDFKWKHSRVWHULRUSDUWRIDZKLOHWKH
DUERUL]DWLRQVGRUVDOWRWKHFHQWUDOLQWHUPHGLDWHIDVFLFOHDUURZKHDGHQGLQD*
9HQWUDOUHJLRQRIWKH91&+-,QQHUYDWLRQSDWWHUQRIWKHD'80FHOOW\SH,
5DPLILFDWLRQVLQGRUVDOSDUWVRIQHXURPHUHVDDDQGD1HXULWHVUHDFKLQJDE\
SDVVLQJGRUVRPHGLDOO\DURXQGWKHGRUVDOPHGLDQ'0IDVFLFOHDUHVKRZQDUURZ-
1HXURPHUHDLVDOVRLQQHUYDWHGE\UDPLILFDWLRQVLQWKHPHGLRODWHUDOQHXURSLO
DUURZKHDG6FDOHEDUVP

)LJ$QDWRP\RIVLQJOH930QHXURQVRIWKHODUYDO91&
$/+RUL]RQWDOSURMHFWLRQSDWWHUQRIVLQJOHRFWRSDPLQHUJLFW\UDPLQHUJLF930
QHXURQVRIWKHWDQHXURPHUHV:KLWH7GF*DO8$6P&'*)3DQWL*)3
RUDQJHDQWL&KDWDQWL)DV,,7KHILUVWFROXPQVKRZVWKHPRVWO\FRQWUDODWHUDOO\
SURMHFWLRQRIWKHZKROHFHOOLQWKH&16WKHRWKHUFROXPQVVKRZDUHDVRIVSHFLILF
LQWHUHVW$'7KHDQDWRP\RIWKHW930FHOO%,WDUERUL]HVLQWKHGRUVDOPRVWSDUWV
RIWKHPHGLDO62*DQGWULWRFHUHEUXPWUL&%LIXUFDWLRQVLQWKHPHGLDO62*DQG
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ILUVWWKRUDFLFJDQJOLRQWJDUHYLVXDOL]HG'7KHSULPDU\QHXULWHRIW930SURMHFWV
FRQWUDODWHUDOO\,WVSOLWVDUURZKHDGDQGLWVDUERUVLQQHUYDWHWKHYHQWURPHGLDOWJDQG
62*(+7KHLQQHUYDWLRQSDWWHUQRIWKHW930FHOO(DQG*7KHQHXURQSURMHFWV
LQWRWKHEDVDOSURWRFHUHEUXPESDUURZVDQGWRWKHODWHUDOHGJHRIWKHWJ
DUURZKHDGV),WHVWDEOLVKHVUDPLILFDWLRQVLQWKHGRUVDOWJDQG+LQWKHYHQWUDOWJ
DQG62*,/7KHDQDWRP\RIWKHD930FHOO-,WEUDQFKHVLQWKHGRUVDO
FRQWUDODWHUDOWJ.,QDOO930QHXURQVWKHSULPDU\QHXULWHSURMHFWVDQWHULRUO\DQG
FURVVHVWKHPLGOLQHWRLQQHUYDWHWKHFRQWUDODWHUDO91&/D930LQQHUYDWHVWKHES
DUURZ'/GRUVDOODWHUDOIDVFLFOH'0GRUVDOPHGLDQIDVFLFOH9/YHQWUDOODWHUDO
IDVFLFOH90YHQWUDOPHGLDQIDVFLFOH6FDOHEDUVP-/P

)LJ6FKHPDWLFGUDZLQJRIWKH980QHXURQVLQWKHWKRUDFLFDQGDEGRPLQDO
QHXURPHUHV
$'7UDQVYHUVHVHFWLRQVRIWKHILUVW$VHFRQG%WKLUG&WKRUDFLFDQGDQ
DEGRPLQDO'QHXURPHUHDIWHU9|PHODQG:HJHQHU'RUVDOLVDWWKHWRSDQG
YHQWUDODWWKHERWWRP)DV,,SRVLWLYHORQJLWXGLQDOWUDFWVRUDQJHDUHQDPHGDIWHU
/DQGJUDIHWDO7KHSULPDU\QHXULWHRIHDFKRIWKHWKUHH980QHXURQVUXQV
DORQJWKHPLGOLQHGRUVDOO\VSOLWVLQDWVKDSHGPDQQHUDQGSURMHFWVV\PPHWULFDOO\
LQWRWKHSHULSKHUDOQHUYHHLWKHUYLDWKHLQWHUVHJPHQWDOQHUYH,61UHGRUWKH
VHJPHQWDOQHUYH61EURZQ7KHDUHDRIDUERUL]DWLRQLVVKRZQLQSXUSOHWKH
QHXURSLOLQOLJKWRUDQJHDQGFRUWH[LQJUH\$&7KHZKLWHFHOOERG\LQHDFKRIWKH
WKRUDFLFQHXURPHUHVLQGLFDWHVWKDWWKH,61RU61SURMHFWLRQRIWKLV980QHXURQLV
QRWFRQILUPHG9YHQWUDO&FHQWUDO'GRUVDO0PHGLDQ,LQWHUPHGLDWH/ODWHUDO

$XWKRU&RQWULEXWLRQV
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&RQFHLYHGDQGGHVLJQHGWKHH[SHULPHQWV06'35)6$673HUIRUPHGWKHH[SHULPHQWV
06'3$QDO\]HGWKHGDWD06'3%H-5)6$67:URWHWKHSDSHU06'3%H-5)6
$67
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)LJ,QQHUYDWLRQSDWWHUQRI7GF*DOLQWKH91&DQGDEGRPLQDOPXVFOHV
$,7GF*DOH[SUHVVLRQLQWKHYHQWUDOQHUYHFRUG91&RIWKH'URVRSKLODODUYD:KLWH7GF*DO8$6
&DPHOHRQDQWL*)3RUDQJHDQWL&KDWDQWL)DV,,$%+RUL]RQWDOSURMHFWLRQVRIDODUYDO91&VKRZLQJ
7GF*DOSRVLWLYHFHOOFOXVWHUVLQWKHWKRUDFLFDQGDEGRPLQDOQHXURPHUHVW90D90FOXVWHUVFRQWDLQ980
QHXURQVZKLOHD'0FRQVLVWVRI'80FHOOV7KHWKRUDFLFQHXURPHUHVDQGWKHILUVWDEGRPLQDOQHXURPHUH
DDGGLWLRQDOO\H[SUHVV*DOLQRQH930QHXURQSHUVLGHDUURZV&'RUVDOYLHZRQWKH91&VKRZLQJWKH
ODWHUDOO\ELIXUFDWLQJ980QHXURQVRIW90WRD90DUURZDQGWKHLUQHXULWHVSURMHFWLQJYLDWKHSHULSKHUDO
QHUYHWRWKHPXVFOHVDUURZKHDG'*+LJKHUPDJQLILFDWLRQRISURMHFWLRQVLQW'(DQGD)*
UHVSHFWLYHO\DQGWKHLUSHULSKHUDOQHUYHV7ZRPDLQQHUYHWUXQNVWKHLQWHUVHJPHQWDO,61DQGVHJPHQWDO
QHUYH61MRLQWRIRUPWKHSHULSKHUDOQHUYHRIWWRD7ZRRIWKHWKUHH980QHXURQVLQWSURMHFWYLDWKH
61ZKLOHLQDWZR980HIIHUHQWVDULVHYLDWKH,61,61DVWHULVNV+,/DWHUDOYLHZRIWKHWKRUDFLFDQG
ILUVWDEGRPLQDOQHXURPHUHGRUVDOXS+7KHSULPDU\QHXULWHVRIWKHWKUHH980FHOOVSHUFOXVWHUDUH
UDQGRPO\WZLVWHGZKLOHSURMHFWLQJGRUVDOO\DUURZV,3URMHFWLRQRIDVXEVHWRIVHFWLRQVRIWDVHHQLQ)
VKRZLQJWKHDQWHULRUO\DUERUL]LQJSULPDU\QHXULWHDUURZRIWKHW930QHXURQFHOOERG\PDUNHGE\
DVWHULVN-.7GF*DOH[SUHVVLRQDWWKHDEGRPLQDOERG\ZDOOPXVFOHV:KLWH7GF*DO8$6
&DPHOHRQDQWL*)3RUDQJHDQWL6\QDSVLQW\SH,ERXWRQPDUNHU$EGRPLQDOERG\ZDOOPXVFOHVDUH
LQQHUYDWHGE\RQH*DOSRVLWLYHD[RQLQWKH,61DUURZKHDGRQHLQWKH61EDUURZDQGDQRWKHURQHLQ
WKH61DDVWHULVNEUDQFK
/1+RUL]RQWDOSURMHFWLRQVRIYHQWUDO/PHGLDO0DQGGRUVDO1OD\HUVRIWKHQHXURPHUHVDDQGD
1RPHQFODWXUHDIWHU/DQGJUDIHWDO90YHQWUDOPHGLDQ9/YHQWUDOODWHUDO'0GRUVDOPHGLDQ&,
FHQWUDOLQWHUPHGLDWH'/GRUVDOODWHUDOIDVFLFOHWUDQVYHUVHSURMHFWLRQ736FDOHEDUVP+,/1
P
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
)LJ7ǃ+RFWRSDPLQHDQGW\UDPLQHLPPXQRUHDFWLYLW\LQWKHODUYDO91&
$'*7GF*DOH[SUHVVLRQLQFRPELQDWLRQZLWK7ǃ+W\UDPLQHǃK\GUR[\ODVH2$RFWRSDPLQHDQG
7$W\UDPLQHLPPXQRUHDFWLYLW\UHVSHFWLYHO\*UHHQ7GF*DO8$6&DPHOHRQDQWL*)3FKPDJHQWD
$DQWL7ǃ+'DQWL2$*DQWL7$7KHVHFRQG%(+DQGWKLUGFROXPQV&),UHSUHVHQWWKH7GF
*DOH[SUHVVLRQDQG7ǃ+2$7$VWDLQLQJUHVSHFWLYHO\$&$OO7GFSRVLWLYHQHXURQVRIWKHODUYDO91&DUH
DOVRODEHOHGE\WKH7ǃ+DQWLERG\7KUHHFHOOERGLHVSHUVLGHLQDEGRPLQDOQHXURPHUHVDDZHUHRQO\7ǃ+
LPPXQRUHDFWLYHLQVHUWLQ$DVWHULVNV')$OO7GFSRVLWLYHQHXURQVRIWKHODUYDO91&DUHDOVRODEHOHGE\
WKH2$DQWLERG\7KH2$VWDLQLQJZDVYDULDEOHEHWZHHQVSHFLPHQV*,$OO7GFSRVLWLYHQHXURQVRIWKH
ODUYDO91&DUHDOVRODEHOHGE\WKH7$DQWLERG\6FDOHEDUVP
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)LJ/DUYDOORFRPRWLRQLVDQWDJRQLVWLFDOO\PRGXODWHGE\2$DQG7$
$+HPL]\JRXV7KPDOHODUYDHZHUHVLJQLILFDQWO\UHGXFHGLQORFRPRWRUDFWLYLW\FRPSDUHGWRZPDOHV
S [/RFRPRWLRQRIKHWHUR]\JRXV7KIHPDOHVZDVLQGLVWLQJXLVKDEOHIURPWKDWRIZIHPDOH
FRQWUROVS ,QFRQWUDVWKRPR]\JRXV7KIHPDOHODUYDHFUDZOHGPXFKVKRUWHUGLVWDQFHVSHUPLQXWH
FRPSDUHGWRZODUYDHS [DQGKHWHUR]\JRXV7KODUYDH[%7GF52&\2
ODUYDHZLWKUHGXFHGOHYHOVRIERWK2$DQG7$VKRZHGVLJQLILFDQWO\UHGXFHGORFRPRWRUDFWLYLW\FRPSDUHGWR
&DQWRQ6S [DQGZODUYDHS &KRQRNDODUYDHZLWKDUHGXFHGW\UDPLQH
UHFHSWRUOHYHOZHUHK\SHUDFWLYHDQGWUDYHOOHGVLJQLILFDQWO\IDVWHUWKDQZFRQWUROODUYDHS 
QV!DVWHULVNVLQGLFDWHVLJQLILFDQFHOHYHOVEHWZHHQJHQRW\SHV1 
VDPSOHVL]H

[PP['3,
 
 
48
ht
tp
://
do
c.
re
ro
.c
h



)LJ2FWRSDPLQHUJLFW\UDPLQHUJLFQHXURQVDUHLQYROYHGLQODUYDOORFRPRWLRQ
$%RWKWKHH[SUHVVLRQRIWKHFHOODEODWLRQJHQHV+LG5SUDQGRIWKHLQZDUGO\UHFWLI\LQJSRWDVVLXPFKDQQHO
.LULQ7GFSRVLWLYHFHOOVOHGWRVWURQJO\UHGXFHGGLVWDQFHVWUDYHOOHGZLWKLQRQHPLQXWHFRPSDUHGWR
*DODQG8$6FRQWUROODUYDH%7KHFRPELQHGH[SUHVVLRQRI7GF*DODQGWVK*$/LQKLELWHGWKH
+LG5SULQGXFHGORFRPRWLRQSKHQRW\SH7KHVHODUYDHSHUIRUPHGVLJQLILFDQWO\EHWWHUWKDQ7GF*DO8$6
KLGUSUEXWLQGLVWLQJXLVKDEOHIURP7GF*DOWVK*$/S DQG8$6+LG5SUS 
ODUYDH&'7GF*DOH[SUHVVLRQLQWKHODUYDO&16:KLWH7GF*DO8$6&DPHOHRQDQWL*)3
RUDQJHDQWL&KDWDQWL)DV,,()7GF*DOWVK*DOH[SUHVVLRQLQWKHODUYDO&16:KLWH7GF*DO
WVK*DO8$6&DPHOHRQDQWL*)3RUDQJHDQWL&KDWDQWL)DV,,1RGHWHFWDEOHVWDLQLQJRIWKH
RFWRSDPLQHUJLFW\UDPLQHUJLFFHOOVLQWKH91&LVYLVLEOHH[FHSWIRUWKH930QHXURQVLQWKHWQHXURPHUH
DUURZDQGRQHFHOOLQWKHD'0FOXVWHUDUURZKHDGQV!DVWHULVNV
LQGLFDWHVLJQLILFDQFHOHYHOVEHWZHHQJHQRW\SHV1 VDPSOHVL]H6FDOHEDUVP

[PP['3,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)LJ$QDWRP\RIVLQJOH980QHXURQVRIWKHODUYDOWKRUDFLFJDQJOLRQ
$53URMHFWLRQSDWWHUQRIVLQJOHRFWRSDPLQHUJLFW\UDPLQHUJLF980QHXURQVRIWKHWKRUDFLFQHXURPHUHV
:KLWH7GF*DO8$6P&'*)3DQWL*)3RUDQJHDQWL&KDWDQWL)DV,,$/7KHPDLQQHXURSLO
LQQHUYDWLRQSDWWHUQVRIWKHHIIHUHQW980QHXURQVLQWKHWKRUDFLFQHXURPHUHWDQGWKHLUSURMHFWLRQVWKURXJK
WKHLQWHUVHJPHQWDOQHUYH,61RUVHJPHQWDOQHUYH61VHHPVWREHLGHQWLFDO5DPLILFDWLRQVDUHPRVWO\
IRXQGLQWKHODWHUDOQHXURSLORIWDQGWKHSRVWHULRU62*DVWHULVNV&+RUL]RQWDOSURMHFWLRQRIWKHDQWHULRU
WKRUDFLFQHXURPHUHVDQGWKH62*7ZRW980QHXURQVDUHVWDLQHGLQWKHVDPH91&7KHFHOOVGLIIHURQO\ZLWK
UHVSHFWWRWKHD[RQDOSURMHFWLRQIURPWKHODWHUDOGRUVRPHGLDOQHXURSLODUURZWRWKHSHULSKHUDOQHUYH)
)URQWDOYLHZRIWKHFHOOVKRZQLQ&7KHD[RQSURMHFWLQJLQWKH61DUURZKHDGUXQVYHQWUDOO\IURPWKH
ODWHUDOGRUVRPHGLDOQHXURSLOZKLOHWKHHIIHUHQWIURPWKH980LVQFHOODVWHULVNVWD\VDWWKHGRUVDOPDUJLQRI
WKHQHXURSLO'/+RUL]RQWDOSURMHFWLRQRIDW980LVQQHXURQ-VKRZVWKHZKROHSURMHFWLRQSDWWHUQ.WKH
GRUVDOPRVWDUERUL]DWLRQVRIWKHFHOOZKLOH/UHSUHVHQWVPHGLDODQGYHQWUDOOD\HUV.5DPLILFDWLRQVLQWKH
GRUVRPHGLDOUHJLRQRIQHXURPHUHWDUHYLVLEOHDUURZ/W980LVQLQQHUYDWHVWKHSRVWHULRU62*ODWHUDOO\
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+)URQWDOYLHZRIWKHW980LVQQHXURQZKLFKPDLQO\UDPLILHVLQWKHODWHUDOQHXURSLODVWHULVN02
+RUL]RQWDOSURMHFWLRQVRIWKHHQWLUHFHOO0GRUVDO1DQGPHGLDOWRYHQWUDOOD\HUV2UHVSHFWLYHO\7KH
W980LVQQHXURQUDPLILHVLQWKHODWHUDOQHXURSLODVWHULVNV7KHDUURZVLQGLFDWHGRUVRPHGLDODUERUL]DWLRQV
LQQHUYDWLQJWKHSRVWHULRUQHXURPHUHWZKLOHWKHDUURZKHDGVSRLQWWRDQWHULRUSURMHFWLRQVLQWKH
GRUVRPHGLDOQHXURSLOZKLFKZHUHQHYHUREVHUYHGLQW980QHXURQV,)URQWDOYLHZRIWKHW980LVQFHOO
0HGLDOSURMHFWLRQVDVWHULVNDUHQRWUHVWULFWHGWRWKHGRUVDOQHXURSLOXQOLNHLQW980DQGW980FHOOV35
+RUL]RQWDOSURMHFWLRQVRIWKHHQWLUHFHOO3GRUVDO4DQGPHGLDOOD\HUV5UHVSHFWLYHO\$QWHULRU
DUURZKHDGDQGSRVWHULRUDUURZGRUVRPHGLDODUERUL]DWLRQVLQWKHQHLJKERULQJQHXURPHUHVDUHYLVLEOH5
W980UDPLILHVDURXQGWKHPLGOLQHLQPHGLDOQHXURSLOUHJLRQVDWWKHOHYHORIWKHFHQWUDOLQWHUPHGLDWHIDVFLFOH
&,6FDOHEDUVP
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)LJ$QDWRP\RIVLQJOH980QHXURQVRIWKHODUYDODEGRPLQDOJDQJOLRQ
$33URMHFWLRQSDWWHUQRIVLQJOHRFWRSDPLQHUJLFW\UDPLQHUJLF980QHXURQVLQWKHDEGRPLQDOQHXURPHUHV
DDQGD:KLWH7GF*DO8$6P&'*)3DQWL*)3RUDQJHDQWL&KDWDQWL)DV,,$%(),-
+RUL]RQWDOSURMHFWLRQSDWWHUQRIWKHHQWLUHQHXURQ$SDUWIURPWKHPDLQSURMHFWLRQVLQWKHGRUVRPHGLDO
QHXURSLOUDPLILFDWLRQVDUHYLVLEOHDWWKHODWHUDOPDUJLQRIWKHQHXURSLODUURZKHDGDQGGRUVDOWRWKHFHQWUDO
LQWHUPHGLDWHIDVFLFOHDUURZ$%7KH980QHXURQVRIHDFKFOXVWHUVHHPWRGLIIHURQO\ZLWKUHVSHFWWR
WKHLUHIIHUHQWV(),-$VVHHQLQIRXUGLIIHUHQWVSHFLPHQVD980LVQFHOOVYDU\LQWKHLUOHQJWKDQGQXPEHU
RIDUERUL]DWLRQVZKLOHWKHPDLQSURMHFWLRQUHPDLQWKHVDPH&'*+./)URQWDOYLHZRIWKHHQWLUH980
QHXURQV7KHPHGLDQDUERUL]DWLRQVH[WHQGWRWKHPRUHYHQWUDOQHXURSLOEXWUHPDLQGRUVDOWRWKHYHQWUDO
PHGLDQIDVFLFOHDUURZV03+RUL]RQWDOSURMHFWLRQVRIDIHZVHFWLRQVRIWKHGRUVDOPRVWQHXURSLOLQFOXGLQJ
WKHGRUVDOODWHUDOIDVFLFOH'/0DQG2DQGRIWKHGRUVDOQHXURSLOLQFOXGLQJWKHGRUVDOPHGLDQIDVFLFOH'0
1DQG3UHVSHFWLYHO\0D980QHXURQVVKRZDUERUL]DWLRQVLQWKHPHGLRGRUVDOQHXURSLODVWHULVNDQG
DORQJWKH'/DUURZKHDG15DPLILFDWLRQVDORQJWKH'0VHHPWRUHDFKDQWHULRUQHXURPHUHVDVZHOODVWKH
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SRVWHULRUQHXURPHUHDDUURZV26PDOOEUDQFKHVQHDUWKH'/DUHYLVLEOHDUURZKHDG3$UERUL]DWLRQV
LQQHUYDWHDQWHULRUWKHQHXURPHUHVDDQGDDQGVHHPWRUHDFKWKHDGMDFHQWSRVWHULRUQHXURPHUHD
DUURZV6FDOHEDUVP
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)LJ$QDWRP\RIVLQJOH980DQG'80QHXURQVRIODUYDODEGRPLQDOQHXURPHUHVDDQGD
+RUL]RQWDOSURMHFWLRQVRIVLQJOH980$%DQG'80QHXURQV+UHVSHFWLYHO\3URFHVVHVDUERUL]HLQWKH
GRUVRPHGLDOQHXURSLORIDQWHULRUQHXURPHUHVDUURZV&DQG')URQWDOYLHZRIFHOOSURMHFWLRQV'RUVDOXS
YHQWUDOGRZQ(*'LIIHUHQWQHXURSLODUHDVDUHLQQHUYDWHGE\WKHD980FHOOVKRZQLQ$('RUVDOUHJLRQ
RIWKH91&7KHHIIHUHQWVSURMHFWYLDWKH,615DPLILFDWLRQVDORQJWKHDQWHULRUDQGSRVWHULRUFRPPLVVXUHVRI
QHXURPHUHVDDDQGDDUHYLVLEOH)7KHGRUVRPHGLDOO\SURMHFWLQJQHXULWHVDUURZVHHPWRUHDFKWKH
SRVWHULRUSDUWRIDZKLOHWKHDUERUL]DWLRQVGRUVDOWRWKHFHQWUDOLQWHUPHGLDWHIDVFLFOHDUURZKHDGHQGLQ
D*9HQWUDOUHJLRQRIWKH91&+-,QQHUYDWLRQSDWWHUQRIWKHD'80FHOOW\SH,5DPLILFDWLRQVLQ
GRUVDOSDUWVRIQHXURPHUHVDDDQGD1HXULWHVUHDFKLQJDE\SDVVLQJGRUVRPHGLDOO\DURXQGWKHGRUVDO
PHGLDQ'0IDVFLFOHDUHVKRZQDUURZ-1HXURPHUHDLVDOVRLQQHUYDWHGE\UDPLILFDWLRQVLQWKH
PHGLRODWHUDOQHXURSLODUURZKHDG6FDOHEDUVP
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)LJ$QDWRP\RIVLQJOH930QHXURQVRIWKHODUYDO91&
$/+RUL]RQWDOSURMHFWLRQSDWWHUQRIVLQJOHRFWRSDPLQHUJLFW\UDPLQHUJLF930QHXURQVRIWKHWD
QHXURPHUHV:KLWH7GF*DO8$6P&'*)3DQWL*)3RUDQJHDQWL&KDWDQWL)DV,,7KHILUVWFROXPQ
VKRZVWKHPRVWO\FRQWUDODWHUDOO\SURMHFWLRQRIWKHZKROHFHOOLQWKH&16WKHRWKHUFROXPQVVKRZDUHDVRI
VSHFLILFLQWHUHVW$'7KHDQDWRP\RIWKHW930FHOO%,WDUERUL]HVLQWKHGRUVDOPRVWSDUWVRIWKHPHGLDO
62*DQGWULWRFHUHEUXPWUL&%LIXUFDWLRQVLQWKHPHGLDO62*DQGILUVWWKRUDFLFJDQJOLRQWJDUH
YLVXDOL]HG'7KHSULPDU\QHXULWHRIW930SURMHFWVFRQWUDODWHUDOO\,WVSOLWVDUURZKHDGDQGLWVDUERUV
LQQHUYDWHWKHYHQWURPHGLDOWJDQG62*(+7KHLQQHUYDWLRQSDWWHUQRIWKHW930FHOO(DQG*7KH
QHXURQSURMHFWVLQWRWKHEDVDOSURWRFHUHEUXPESDUURZVDQGWRWKHODWHUDOHGJHRIWKHWJDUURZKHDGV
),WHVWDEOLVKHVUDPLILFDWLRQVLQWKHGRUVDOWJDQG+LQWKHYHQWUDOWJDQG62*,/7KHDQDWRP\RIWKH
D930FHOO-,WEUDQFKHVLQWKHGRUVDOFRQWUDODWHUDOWJ.,QDOO930QHXURQVWKHSULPDU\QHXULWHSURMHFWV
DQWHULRUO\DQGFURVVHVWKHPLGOLQHWRLQQHUYDWHWKHFRQWUDODWHUDO91&/D930LQQHUYDWHVWKHESDUURZ
'/GRUVDOODWHUDOIDVFLFOH'0GRUVDOPHGLDQIDVFLFOH9/YHQWUDOODWHUDOIDVFLFOH90YHQWUDOPHGLDQ
IDVFLFOH6FDOHEDUVP-/P
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)LJ6FKHPDWLFGUDZLQJRIWKH980QHXURQVLQWKHWKRUDFLFDQGDEGRPLQDOQHXURPHUHV
$'7UDQVYHUVHVHFWLRQVRIWKHILUVW$VHFRQG%WKLUG&WKRUDFLFDQGDQDEGRPLQDO'QHXURPHUH
DIWHU9|PHODQG:HJHQHU'RUVDOLVDWWKHWRSDQGYHQWUDODWWKHERWWRP)DV,,SRVLWLYHORQJLWXGLQDO
WUDFWVRUDQJHDUHQDPHGDIWHU/DQGJUDIHWDO7KHSULPDU\QHXULWHRIHDFKRIWKHWKUHH980
QHXURQVUXQVDORQJWKHPLGOLQHGRUVDOO\VSOLWVLQDWVKDSHGPDQQHUDQGSURMHFWVV\PPHWULFDOO\LQWRWKH
SHULSKHUDOQHUYHHLWKHUYLDWKHLQWHUVHJPHQWDOQHUYH,61UHGRUWKHVHJPHQWDOQHUYH61EURZQ7KH
DUHDRIDUERUL]DWLRQLVVKRZQLQSXUSOHWKHQHXURSLOLQOLJKWRUDQJHDQGFRUWH[LQJUH\$&7KHZKLWHFHOO
ERG\LQHDFKRIWKHWKRUDFLFQHXURPHUHVLQGLFDWHVWKDWWKH,61RU61SURMHFWLRQRIWKLV980QHXURQLVQRW
FRQILUPHG9YHQWUDO&FHQWUDO'GRUVDO0PHGLDQ,LQWHUPHGLDWH/ODWHUDO

[PP['3,
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7DEOH3ULPDU\DQWLERGLHV
$QWLERG\ +RVW ,PPXQRJHQ 0DQXIDFWXUHU :RUNLQJ
GLOXWLRQ
$QWL*)3 UDEELW
SRO\FORQDO
VHUXP
3XULILHGJUHHQIOXRUHVFHQW
SURWHLQ*)3DN'D
SURWHLQGHULYHGIURPWKH
MHOO\ILVK$HTXRUHD9LFWRULD

$0ROHFXODU
3UREHV(XJHQH
25

&KLFNHQDQWL
*)3
FKLFNHQ
SRO\FORQDO
5HFRPELQDQW*)3FRQWDLQLQJ
DKLVWDJ
$%
&KHPLFRQ
7HPHFXOD&$



&K$7% PRXVH
PRQRFORQDO
N'D'URVRSKLOD&KROLQH
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
&K$7%'6+%
,RZD&LW\,$

'DQWL
)DVFLFOLQ,,
PRXVH
PRQRFORQDO

%DFWHULDOO\H[SUHVVHGIXVLRQ
SHSWLGHFRQWDLQLQJWKH
LQWUDFHOOXODU&WHUPLQDO
DPLQRDFLGVRIWKH3(67
WUDQVPHPEUDQHIRUPRI)DV,,

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&LW\,$

& PRXVH
PRQRFORQDO
)LUVWRSHQUHDGLQJIUDPHRI
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
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
7ȕ+ UDW
SRO\FORQDO
$EDFWHULDOO\H[SUHVVHG
SXULILHGLQWHUQDOSDUWRIWKH
SURWHLQ6DO±;KRIUDJPHQW

0RQDVWLULRWLHWDO


$QWLS
7\UDPLQH
UDEELW
SRO\FORQDO
S7\UDPLQHJOXWHUDOGHK\GH
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
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
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$QWL
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RFWRSDPLQH
5DEELW
SRO\FORQDO
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7DEOH&HOOQXPEHUVRI7GF*DODQGRU7ȕ+H[SUHVVLQJQHXURQV
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